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H dein in publiſhing this Book, was, 
/ | that the Celeſtial Phyſics, which the 
= moſt ſagacious Nepler had got the 
ſcent of, but the Prince of Geometers Sir Iſaac 
Newton, brought to ſuch a pitch as ſurpriſes all 
the World, might, by my care and pains in il- 
luſtrating, become eafier to ſuch as are deſi- 
rous of being acquainted with Philoſophy and 
Aſtronomy. The Title informs you ſuffici- 
ently that the Arithmetical or Calculatory part 
of Aſtronomy is here omitted, tho that, per- 
haps, may be publiſned hereafter in its proper 
place. As for the Phyſics, it is all taken out o 
the abovement ion d Authors; but is here inter- 
mix d with Aſtronomp, in ſuch places as ſeem'd 
proper amid convenient the Geometry to he met 
with'in it, I have either borrow'd elſewhere, 
and quoted the * where tis to be found, 
; 2 or 


ii The Author's PREFACE. 
or deliver'd it Lemmatrically. Whatever 
is gone in each Section, you have it expreſs'd 
either in the Title or Preface thereof, in ſuch 
a mgnner, as that thoſe Who are leſs vers d 
in the more abſtruſe parts of Geometry, or 
leſs concern d about the Phyſical parts, may 

paſs over, and only read the Aſtronomy ſepa- 
rately and diſtin& from them. 

The Celeſtial K 77 or Phyſical Aſtrono- 
my,-is not only the firſt in dignity of all inqui- 
ries into Nature whatever, but the firſt in or- 

 der,--becgule it 1s th e date. For the Sun and 
Plane $ are may by from one another by ſo 

Wage ea 7 51 as renders them irtapable 
of exerting moſt of thoſe forces whereby all 
Bodies act upon one another; ſo that they 
have 10 other force left them wherehy they 
can affect one another, but the 7 gle force of 
univerſal Gravity: Whereas in the production 
of e Phenomena, that are 6 erv'd upon 
our Ea H, innum fable other forces are exerted, 
ſuch i ms very: 110 to be diſtingu ih d from 
one another; Which or ithilandive if not 
accurately done, in vain qq we attempt Nature, 
and make any inquiry into it. Upon this ac- 
count it is, that every, en: in Be Feare- 
Itrial Phy 'fics 1 is very and Eph ex dd, on 

the , in e elt ſtial E auch, much 
.more-eafy.and ſimple; tho even the latter has 
its difficulties, ariſing from the different di- 
ſtances and ma zutudes ef the Celeſtial Bodies. 
For the F Nd Stats are 10 vaſtly diſtant, aſun- 

der, Th they have, AP. mutual action rg 
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The Author's PRETACH M ij 
each other, obſervable by us whore the In- 
habitants of the Earth. The Primary Pla- 
nets are remov d ſo far from each other, that, 
tho they have ſome ſmall power alid effect 
upon one another, yet we cannot be ſenſible 
ot- it, till after many Years obſervation; The 
Secondary Planets are not at ſo great u di- 
ſtance from their Primaries, or from the Sun, 
but that they may be conſiderably affected by 
tlie powers of both, (if regard be had to the 


Quantity of Matter that is in theſe latter, ) and 


this is the ſpring of thoſe manifold inequali- 
ties found in them, ſuch as, for inſtance, mani- 
feſtly ſhews itſelf in our Moon; which yet is 
nothing at all, if compar'd with the inequah- 
ties found among Terreſtrial Bodies, which 
are ated upon by an innumerable variety of 
other forces, preſſing every way upon them. 
So that thoſe perſons ſeem to apply their 
thoughts but to a very indifferent purpoſe in 
the ſtudy of Nature, that overlook this part 
of Aſtronomy, from whence the principal and 
moſt ſimple Laws of Nature are to be learn d. 

That none may think the Phyſics deliver d in 
the following Work intirely ne and unknown 
in Aſtronomy, I ſhall take the liberty to ſhew 
that it was both known and diligently culti- 
vated hy the moſt ancient Philoſophers. And 
Iſhall dwell a little longer upon this argument, 
becauſe there is no need of ſpending a Preface, 
either upon the order of the parts of this 
Work, which may be ſeen in the Index, or 


upon the uſctulneſs, dignity, hiſtory and pro- 
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oreſs of Aſtronomy, or even of the true Sy- 
item of the World, approv'd of by Pzthagoras, 
and others among the Ancients; theſe things 
being all of them treated of at large by the 
common Writers of pe. What 1 ſhall 
now therefore make out is, that we do ſtill 
tread in the ſteps of the Ancients in this Phy- 
ſical Aſtronomy; inaſmuch as they knew that 
the Celeſtial Bodies gravitated towards each 
other, and were retain d in their Orbits by the 
force of Gravity; and were alſo apprized of 
the Law of this Gravity. © 


# # 
- + 


For if we look back to the firſt Riſe of A- 
ſtronomy, and take a view of it in its Infancy, 
as it were, we ſhall find nothing better ap- 
prov'd of, nothing more univerſally entertain- 
ed among the ſeveral Sects of Philoſophers, 
than this notion of. the Gravity of the Cele- 
{tial Bodies. That ſaying is well known, ſo 
often uſed by * Anaxegoras, and his Scholars, 
Þ Achelaus and © Euripides. Namely, * That 
* the Syn and Stars were fiery or red-bat Stones 
* and Galaen Clods.” Of the ſame mind alſo 
were * Democritus, Metrodorus, and *Diogenes, 
2 | He affirm'd the Sun to be a Maſs of Red-hot Iron. Diog+ 

ett. in Anaxag. That the ſubſtance of the Sun was Stones 


of the Moon, Earth. Plat. in Apol. Socr. 


d Fbat the Stars were Plates of Red bot Iron. Stob. Ecl. 
Phyſ. cap. 25. 2 2 8 


Dey ſay that Euripides uſed to call the Sun a Clod of Gold, 


or. Golden Maſs, Diog. Laer. in Anaxag. 

d Anaxagoras, Democritus and Metrodorus afirm'd, that 
the Sun wat a Maſs of Iron or Stone red hat. Plut: de Placit. 
Phil, lib. 2. C. 20. p ; . " £E , 
e Diogenes thought that the ſukſtance of the Stars was not un- 
like that of 4 Pumice Stone, Ibid, c. 123. r 


The Author's PRE TAC. v 

By theſe expreſſions they meant no more; than 
that they were heavy, denſe and fix d Bodies, 
(ſuch as Stones are) fo as to bear a conſidera- 
ble degree of heat: And that this was really 
their meaning will evidently appear, if we do 
but enquire more narrowly imo the firſt Au- 
thors of this Opinion. For, as we are told 
by f Democritus, theſe notions about the Sun 
and Moon are not to be aſeribd to Anraxago- 
rat as their original, for he had really bor- 
row'd them of the Ancients. Nor is it a diffi- 
cult matter to find out, who they were that he 
borrow'd them' of, or from whom they were 
handed down to Him. He had them from his 
Maſter s Anaximenes, whoſe Opinion we know 
was, that the Stars were of a fiery nature and 
ſubſtance, that there were alſo mingled with 
them certain Earthly Bodies, which were car- 
ried round about them, tho not viſible to us: 
By which words he plainly means, Planets of 
a terreſtrial nature, performing their revolu- 
tions in the Syſtem of every Fix d Star. Theſe 
notions Anaximenes received from Anaximan- 
der, Anaximander from h Thales himſelf, who 
was the Head and Founder of the Fenic Philo- 

& A4 ſophy ; 
f Favorinus, in his varion- Hiſtory, relates, that Democritus 
uſed to ſay of Anaxagoras, that the Opinions which he taught 


concerning the Sun and Moon, were not his own, but far more anci- 
ent than Anaxagoras's time; and that he had ſtollen them. Laert. 
in Democrir, - 

g Anaximenes ſaid, the nature of the Stars were fiery, and 
that there were certain terreſtrial Bodies that are inviſible, carried 
taget her about them. Stob, Ecl. Phyſ. c. 25. 

h Thales was of Opinion that the Stars conſiſted of an Earthly 
ſubſtance, which was continually red-hot. Stob. Ecl, Phy. c. 25, 
Ang ſo Plutarch. De Plac, Fhyloſ. lib, 2. c. 13. 
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hy; and ſpread this opinion of the Gravi- 
A of the Fixd Stars among his Sect. Nor 
did this Doctrine concerning the Stars ſtop 
here, but afterwards it diffus d it ſelf thrd 
the Halic Philoſophy; the followers of which 
tanght, that each Star Was a World in the. in: 
finite Athereal Space, containing Earth; 


Air and Æther; and that the Moon, not on: | 


ly. was like our Earth, but inhabited by Ani- 
mals of a larget ſiae, and furniſh'd with Plants 
of. a more beajatifal. appearance. 18 1 

M Nor were thty $0-abſurd in 3 concep- 
tions about Gravity, as to think that it was 
done by the virtue of any point within the 


Earth, or of a Center, to which all heavy Bo- 


dies placed any; where tended; but they Doe 
was. dene by the ! power of the whole 
Mats in the Terreftrial Globe attracting all 
lings to it ſelf: And as the power of the 
Leeren ee of the powers of the 


Nour ei 2a, toe tete lei ſeveral 
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Tong hagoreans 4 From a, that every Star is 4 World in rhe 

* hereal Hate, herein are contain d Earth, Air, 4 
tber, blut. de Pac. Philof. Lib. 2. 6. 5 

K. The Pyth; 7 7 uſes exted, that the Moon ſeem 'd to be of a a 
Iimilar nature with" the Earth, it is inhabited as our Earth is, 
by Animals, tho' of a larger 7 ie than ours, and fill d with the 
Jame Plants, tho? nel ande beute fl than ours. vnrr. Plut. de Plac. 
Phil, Lib. 2. c. 30. ; 6 

And yet if every bear Body inclines 168 55 the ſame place, 
and does with every one of its parts tend to its middle or center, 
the Earth certainly will not appropriate to itſelf theſe heavy Bodies, 
which are its parts, becauſe it is the Center of the Univerſe, but 
rather becauſe it is the whole, of which they are the parts. Plur, 
de ſacie in Orbe Lune. 

As for that which is incorporeat, "tis not probable, nor will they 
#hemſelves allow it to be poſſeſs'd with ſo great mY as to draw 
al things towards it, _ retain them about it. Ibid 
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The Author's PREFACE, vii 


Jeveral parts combin d together, ſo they be- 


liev'd that the Gravity towards the whole 
Earth, reſulted from the Gravity towards 
each ſingle part of it. Beſides, they believ'd 
there was a > Gravity towards the Moon and 
Sun, act ing in the ſame manner as it does to- 
wards the Earth; and that each » Planet, like 
2 Stone, whirld in a ling, was kept in its 
Orbit by the ſame principle, and for the ſame 
reaſon revolving always about us. From 
ſome things mention d by Diogenes Laertius, 
concerning Plato, which alſo are obſcurely 
hinted at in his ? Timæus, I am apt to believe 
with 4 Galileo, that the divine Philoſopher 
ſuppos d the Mundane Bodies, when they were 
firſt formed, were moved with a Rectilinear mo- 
tion (by the means of Grayify,) but after that 
NN etre Wr 0 „ they 
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m And this meeting foget ber of Bodies here, and their coalition 
likewiſe with the Earth's Body, ſhew us the manner how it is pro- 
bable that the parts, which are aſſembled at the Moon's Body, con- 
tinue alſo there“. | 4 s 

n But the Moon js help'd, and preſervd from falling down, by 
ber very Motion and that impetuoſity of her Revolution; as Stones 
and other weighty Bodies put in Slings and (wung round, are kept 
from dropping out by the ſwiftneſs of their Motion, and their being 
mov'd circularly. + — Wherefore the Mon does not move 
dawnwards, as ber own weight wou'd naturally carry her, hey ten- 
aency that way being ſtopt by the violence of her circular revolu- 
tion. Ibid. | 

o Theſe at firſt were mov'd in a confus'd and irregular manner, 
Put when they were duely adjuſted and rightly ſettled, then the 
World was eſtgbliſh'd by God in juſt order and proportion.  Dioge 
Laert. in Plat. 

p He gave it 4 Motion altogether agreeable to its nature as 4 
Body (that is a direct one,) and a little further. Therefore he 
afterwards made it continue its ccurſe in a Circle. Plat. in Timeus, 

g In his Coſmical dyſtem. 
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they had arrived to ſome determined places, they 
began to revolve by degrees in a Curve, the 

Rectilinear Motion being chang d into a Cur- 
vilinear one. Tis from this Doctrine of Gra- 
vity, that all Bodies gravitate mutually to one 
another, tis by this that * Lucretivs, taught 

by Epicurus and Democritus, labours to prove, | 
that the Univerſe has no Center or loweſt Place, | 
but that there is an infinity of Worlds like | 
ours in the immenſe Space. His Argument 
were bound- | 
Bodies, ſince | 
they have no other beyond them, towards 
which they may be made to tend by the force 
of Gravity, wou'd not ſtand in an Equilibrio, | 


runs thus; If the nature of thi 
ed any 'where, then the outm 


but make towards the inner and lower Bodies, 
being neceſſarily inclin'd that way by their 
Gravity, and therefore having made towards 
one another, during an infinite ſpace of time, 
would have long ago met, and lye in the mid- 
dle of the whole, as in the loweſt place. Tis 
evident therefore from hence that Lucret ius, 
and thoſe whom he followed, believ'd that 
all Bodies did Gravitate towards the Matter 
placed around them, and that every ſingle Bo- 
dy was carried by the more prevailing Gravity, 
towards that region where there was moſt 


Matter. | 


— 
* 


— 6— 22 - 


r 8 ppoſe they all had Bounds, ſuppoſe an End 
Then Bodies which by Nature muſt deſcend, 
And from Eternity purſu'd the Race, 
Had long & er this time reach'd the Loweſt Place. Lucr. I. 1. v. 986. 
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The Author's PRETACE. IX 
As it is manifeſt that the Ancientg were 


& apprized of, and had diſcover the Gravity of 


211 Bodies towards one another, ſo alſo they 


N were not unacquainted with the Law and Pro- 
portion which the action of Gravity obſerv'd 
according to the different Maſſes and Diſtan- 


ces. For that Gravity is proportional to the 


Quantity of Matter in the heavy Body, Lu- 


cretins does ſufficiently declare, as alſo that 
what we call light Bodies, don't aſcend of 


their own accord, but by the action of a force 
T underneath them, impelling them upwards, 
4 juſt as a piece of Wood is in Water z. u and 
further, that all Bodies, as well the heavy as 
the light, do deſcend in vacuo, with an equal 


celerity. It will be plain likewiſe, from what I 
ſhall preſently obſerve, that the famous Theorem 
about the proportion whereby Gravity decrea- 
ſes in receding from the Sun, was not un- 
known at leaft to Pythagoras. This indeed 
ſeems to be that which he and his followers 
would fignify to us by the Harmony of the 
Spheres: That is, they feign'd Apollo playing 
upon an Harp of - ſeven Strings, by which 
Symbol, as it is abundantly evident from 
x Pliny, Macrobius and Cenſorinus, they meant 
the Sun in Con junction with the ſeven ay 

| or 


<_— 
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—— 


{ Beſides ; why have not Bodies equal Weight 

With thoſe, whoſe Figure is but juſt as great? Lucr. I. 1. v. 418. 

t And this I think à proper place to prove, 

That nothing of it ſelf can upwards move, Lucr. I. 2. v. 178. 

u Therefore thro Void, unequal Weights muſt be, 

Like Swift in Motion, all of like degree. Lucr. I. 2. v. 228. 
x Pin, lib. 2. c. 22. Macrob, lib. 1. c. 19. Cenſorin. c. 11. 


x The Author's PREFACE? 
for they made him the leader of that Septenary 
( * and Moderator of Nature; and 
thought that by his Attractive force he acted 
upon the Planets (and called it Jupiters Pri- 
ſon, becauſe it is by this Force that he retains 
eir Orbits, from flying off | 


and keeps them in t 0 
in Right. Lines) in the Harmonical ratio, of 


Chor 


their Diſtances. For the forces, whereby e- 
qual, Tenſions act upon Strings of different 
lengths (being equal in other reſpects) are re- 


ciprocally.as the Squares of the lengths of the 


Strings. l TACT. een 
For. Pythagoras as he Was paſſing by a 
Smith's Shop, took occaſion to obſerve, that 
the Sounds the Hammers made, were more ac- 
cute or grave in proportion to the weights of 
the Hammers ; afterwards ſtretching Sheeps 
Guts, and faffning various Weights to, them, 
he learn d that here likewiſe the Sounds were 


proporijony! to the Weights... Having ſatisfy d 
imſelf of this, he inveſtigated the Numbers, 
according to which Conſonant Sounds were 
generated. Whether the whole of this Story 
be true, or but a Fable, tis certain Pythago- 
7zs found out the true ratio between the 
ſound of Strings and the Weights faſten d to 
them. The ſame Tenſion acts upon a String 
as ſhort again, four times more powerfully: 
For it produces an Octave, and an Octave is 
ſounded by a force that is four times greater; 
for if a String, put upon the ſtretch by a given 

e e Weight, 
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y 'Macrobius lib, 2. inſomn. Scip. cap, 1, 
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The Authors PREFACE: xi 
Weight, generates a given Tone, the ſame 
ed String ſtretch'd by a Weight four times greater, 
;. will ſound an Octave. Thus likewiſe the 
ns ſame Tenfion upon a ſubſeſquialteran Chord, 
F adds in a double ſeſquiquartan ratio: For it 
generates a Fifth or Diapente, and a String 
that ſounds a given Note, with a given Weight 
| ought to be ſtretch'd by a Weight that is a 
-e- double ſeſquiquartan to ſound a Fifth. And 
he IJ univerſally, the Weights which generate all 
Tones in Strings, are reciprocally as the 
à Squares of the lengths of Strings of equal 
at Ienſion, producing the ſame found in any 
ic. & Muſical Inſtrument. Pythagoras afterwards 
of applied the proportion he had thus found 
ps by experiments, to the Heavens, and from 
thence learn d the Harmony of the Spheres. 
And, by comparing theſe Weights with 
the Weights of the Planets, and the inter- 
rs. I vals of the Tones, produced by the Weights, 
with the interval of the Spheres; and laſtly, 
ry the lengths of Strings with the Diſtances of 
the Planets from the Center of the Orbs ; he 
he | underſtood, as it were by the Harmony of the 
to | Heavens, that the Gravity of the Planets to- 
ns || wards the Sun (according to whoſe meaſures 
ve | the Planets move) were reciprocally as the 
is Squares of their Diſtances from the Sun. 
z We have thus far been ſnewing what was 
en the Opinion of the Ancients concerning Gra- 
it, vity and it is evident they were perſwaded 
| that Gravity was not an affection of Terre- 
I ſtrial Bodies only, but of the Celeſtial * 
that 
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111i The Author's PRE TAF. 
that all Bodies gravitate towards one another, 
and that the Planets are retain d in their Or- 
bits by the force of Gravity, and laſtly, that 
the Gravity of the Planets towards the Sun 
are reciprocally as the Squares of their Di- | 
ſtances from it. What the induſtry and ſkill | 
of the Moderns have added to theſe inventi- 
ons of the Ancients, the * Pages * 
e t . 
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* HE Science of ASTRONOMY, 
8K mhich © at much eſteem d and ad- | 


ir d for its great and manifold uſes for 
the Service of Mankind, as it is delightful 
land entertaining to the more curious and 
contemplative, has in all ages been culs 
tivated and improv d, by Men the moſt 
eminent for their parts and learning; and 
is now brought, as it were, to the ut- 
noſt degree of. perfection, and that chiefly 
E N the ſuperior Genius and Induſtry of 
©: Nzhoſe of our own Nation. But fince no- 
thing confiderable therein, has been as yet 
writ in our own Language, I thought I 
could not oblige my Country-Men. more 
than in publiſhing an Engliſh Edition of 
the moſt valuable and 122 Daf 
ASTRONOMY #0w extant. It is generally 
4 recton d 


The Publiſher to the Reader. 


reckon'd to be a Book that contains not only | 


all the Diſcoveries and Philoſophical Senti- | 


ments of the great Kepler, and the various 


Hypotheſes of the moſt noted Aſtronomers || 


before and fince his Time; but is chiefly if 


valued by the beſt Fudges, for the large 

nd inſtructive Comments deliver d in it, 
on the Writings Of the illuſtrious Sir Iſaac 
Newton, as well as on the ſeveral Aſtro- 
nomical Diſſertations of the ſagacious Dr. 


Halley, which the Reader will find here | 


every where interſpers'd. ' 


Aud in order to render this work as 


#ompleat as poſſible, J ſhall, in a very 


little time, preſent you with another Vo- 
lume, containing correct Aſtronomical Ta- 
bles, for the ready computing of the Pla- 
nets Places, Eclipſes, &c. all done by a 


Perſon of known ability, from the true 


Theory of Gravity, deliver d in thi; Book: 


For it was by no means judged proper that 
T ſhould annex to ſo intire a piece as this 
1, any imperfect Tables, drawn from a 
different Principle from what is here eſta- 
bliſbed, ſuch it ſeems. all thoſe as yet pub- 
rr 


[t Y, 
Phyſical #14 Geometrical, 
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{concerns 'the Order, Diſtances, nk Peri. 


ay ads of the Primary Planets revolving about 
uc the Sun, and the principal Phznomena | 
K. hence ——. _ 8 45 
at — — — — n—n—_—_ 
Wy + PROPOSITION k : 1 | 

cke 0 ue eneral account of the Order, ond 
8 4 Period. of che Primary Planets revolving 
Yu ©” about the Sun, and their Diſtances from it; 
he 2 what we are to think of the Comers and Fixt 

4 2% ' 


The Sun is to be look d upon as immovable, | 
and placed in the midſt 8 that immenſe Space, 


The ELEMENTS Bock 1. 
ich the Pl rm their Revolutio 
50 chere are fx 82 e al Bodies = | 


revolve about it, as their Center, from We: 


Eaſt; [Fg 7-1 r.] from A, along B, C, and D; in Fa 1 
e Order: Mercury neareſt theSun, c. | 
| ro, ts Revolution in about three Mont 4 

ext to Mercury, Venus in about ſeven Monts 
and an half; then the Earth in a Lear; Mars in 
About two Years; Jupiter in twelve; and laſt of 
all, Saturn 5 1 791 outermoſt, in thirty. Their 
Di Tarices from the Sun are nearly the ſame as 
chey are repreſented in the Scheme: namely, 
ſuppoſing the diſtance of the Earth from the Sun 
to be divided into ten equal Fart of theſe t I 
_ diſtance of Mercury will be about four, of Ve- 
nus ſeven, of Mars fifteen, of- Jupiter fifty 05 
and that of Saturn ninety five 

Tis to be obſerv'd, thar a their Orbits are 
not in the ſame Plane, but variouſly inclin'd.to 1 
one another; ſo that ſuppoſing the Plane of the j 
Earth's Orbit to coincide with the Plane of this Y 
Scheme, one half of the Plane of any other 
Planet's Orbit will de above, and the other halt 
below ie; ſo that the Planes interſe i in 2 Line * 
that pailes thro the Sun. ” by 
_ Beſides che abovemention'd Planets moving - 4 
round the Sun, there are likewiſe Comets; and pl 
theſe, if they are laſting in their Nature and r 
Motions, move in very excentrie Orbits, and * 
conſequentiy ſhew themſelves only, when they 
are in thoſe Parts of their Orbits that are neareſt 
to us and the Sun: Some of them move, liks the 
Planets, from Weſt to Eaſt, others from to 
Weſt; ſome again from North to South, and laſt- 
25 others from South to North. Their Orbits are 

rious and different in Magnitude, Situion, 
and Inclination both to one another, nd e 
the 
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che Orbits of the Planet, Their Periods: are 
not as yet known from Obſervation, . nor in- 
deed is it fully certain, that they move in Lines 
that return into themſelves. But all theſe things, 
perhaps, will be determined by proper Obſer- 
vations made in future Ages. 
I) he reſt of the Mundane Space is to be con- 
ceived as divided into Spaces juſt like that w 
have been deſcribing, each having one of thoſs 
Stars in its Center, which are called Fixt Stars, 
performing the office of a Sun to it, and having, 
it may be, Planets and Comets of its own re- 
= rolving about irt. 
It is enough at firſt to have a general con- 
eeption of theſe things as they are here deſcribed; 
For tho'- the Periods of the Planets, and their 
Diſtances from the Sun, as here laid down, are 
not exactly true, yet they are neareſt the Truth 
in round Numbers. Again, tho the Paths they 
deſcribe art not perfect Circles, concentric to 
the Sun, and the Motion of the ſame Planet not 
halt perfectly equable; yet the difference is ſo ſmall, 
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Fit, If the Obſerver be ſuppos d to be plac'd 
do in the Sun, tis evident the Earth will ſeem to 


dh im to move from Welt to Eaſt perpetually, 4s 
= - * really 


„ Ev , BookT; Þ 
really it does. Then ſince; beſides the Earth, out 
Obſerver ſees the Fixt Stars plac d round him, 
as it wete (the nature of the Eye requiring it) 2 
in à contave Sphere, that has the Eye for its 


a 


Center; tis likewiſe evident, that he will ob- 
ſerve the Earth moving, as it were, among the 
Fixt Stars, and approaching nearer and nearer 
the more Eaſtern ones, till, in a Year's ſpace, 

aving compleated its Revolution, it returns to 
the ſame place among them again. And be- 
càuſe che Earth always goes the ſame track 
over again, the Obſerver will take eſpecial no- 
tice of the Stars the Earth paſſes over; alſo the 
Plane of the Earth's Orbit, and the Circle in 
the Sphere of the Fixt Stars, called the Ecliptice, 
made by that Plane; and this will be a great 
Circle, becauſe it paſſes throꝭ the Sun, or Eye, 
which is the Center of that Concave Sphere 
that terminates the Sight. But if the Obſerver, 
for the advantage of making Obſervations, 
imagines this Ecliptic divided into twelve equal |. , 
Pärts, or Sigos, calling them by the name of | 
any neighbouring Conſtellation, or Figure 


<# 


thoſe Stars ſeem" to make; in this caſe, Lay, 


. 2.] che Earth will ſeem to move from 


( N. 
N. 1 


Vito S, and from thence to n, and ſo on; 
from Weſt to Eaſt, thro' all the Signs, till it 
return to V again. l NM Tic! 4 
Secondly, If you imagine the Obſerver to be 
removed from the Sun to our Earth, if the 
Earth be at 4, where it is ſeen from the Sun 
among the Fixt Stars, at V; the Sun will ap- 0 
pear, when ſeen from the Earth, in the oppqſite E 
Sign A, among the Fixt Stars; the Earth being 
then the Center of the Sphere of the Fix Stars: ſo 
For the place of the Fye is che Centre of 2 es 
Sphere, on whoſe: ſurface” the Stars are con. 
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ceiv d | to be plac d. : If the Earth be moved 
from 4 thro B, to C, in its Otbit, or if loo d 


A upon from the Sun, from V thro , to , 


in conſequentia, or according to the order of the 
Signs; the Sun, to an Obletver on our Earth, 
that thinks the place he ſtands upon immovable, 
will appear to move among the Fixt Stars, ac- 
cording to the order of the Signs alſo, from, 
thro' m, to, &. in the fame Plane, during 
the ſame time, and towards the ſame Region of 
the Heavens, as the Earth ſeen from the Sun 
does, but in the oppoſite Points of the Ecliptic: 

* 9 tity TIVIOYT SCHO'LIUM, 16.3 11.4 Her 

The like Phænomena happen in x eſpect of 
the Sun and any other Planet; nay indeed, the 
very ſame, excepting that the time of that Pla- 
nets revolution about the Sun, or the Sun's ap- 


parent revolution about the Planet, when view d 
from that Planet, is various, according to the 
different Period of each, mention'd in the fore- 
going Propoſition; and that the Plane of the 
Orbit of that Planet produced, will cut other 
Stars than thoſe which the Plane of the Earth's 
Orbit does, when produced; and conſequently, 
that the Path of the Sun among the Fixt Stars, 
ſeen from any other Planet, is different from its 
Path, when ſeen from the Earth, that is, from 
the Ecliptic. Won geren 


e e eee ien e 
FO. deſcribe the Phænomena of the Planets ſeen 
' - from the Sun, ariſing. from thew Motion in 
22 whoſe Planes are inclin d to the Planes of the 
End.. 0 ue ei 

| Since the Orbits of the Earth and Planets are 
ſo ſituated, as that their Planes are inclin'd-to 
each other, and interſect each other, (as was 

9 1 ſhown 
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ſhown in general in Prop. 1.) in right Lines paſ- 1 
"thro: the Sun; the Inclination of the Plane 

of the Orbit of each; to the Plane of the Eclip- 
tic, of Earth's Orbit, is to be taken into conſi- 
derition; in explaining the Phænomena of the 
Planets viewed from ane Sun. For the Plane of 
the Ecliptic is taken by Aſtronomers as the 
Standard to which the Planes of the other Or- 
bits are ſudged to incline; and that with v { 
reaſon, ſince it is that in whicti the Earch / 

the habitation of the Aſtronomer) moves round 
the Sun, or in which the Sun ſeems to move 
round the Earth: And an Obſerver plac'd ig 
any ettier Planet, would make the of that 
Planet's Orbit, the Standard of all the reſt, and | Y 
Von der them as inclin d to it. pf , 
The right Line Which paſſes thro che Sun, | 
and is the common Section of che- Plane of the # , 
Orbit, with the Plane of the Ecliptic, is call'd BY 
the Line of the Nodes of that Planet, and the Points f 
themſelves, wherein the Orbit of the Planet cuts 
theEcliptic, are call'dtheNodes. Thus, Hg. z. let N 
O86 * the Plane of the Orbit of the Eartn 
ed indefinitely, NPA the Orbit of any 

| Planer, interſeQing the Plane of the former Or- \ 
bie or Ecliptic in N and n, which are the Nodes 
of that Planet; ſo as that one part NP» of that 4 
Orbit be ſuppos d above the Plane of this Scheme, 
and the other, »pN, below it, (which makes 1 ic A 
look like an Ellipſe:) The right Line Nu joining 
the Nodes, being the common Section of the 
Plane of che Orbit of the Planet with the Plane 5 
* of the Eclipric, is the Line of the Nodes. f 
Tis evident then, that if a Planet be ſeen 
from the Sun, when it is in one of the Nodes, as N 
N, it will appear to be in the Plane of the Eclip- 
be. Dur enen forwards 3 as far as v, it wil 
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ſeem to deviate from the Ecliptict and (by Def- 
F. Elem. xl.) the Inclination of the right Lins 
Op, to the Ecliptic, and conſequently. of the 
Planet at P ſeen from the Sun, call'd the Planets 
Hulio-centric Latitude, is meaſut d by the Angle 
POE, where PE is ſuppos d to be a perpendicular 
let fal from P to the Plane of the Ecliptic. This 
Z Heliocentric Latitude is ae upon the 
1 increaſe, till the Planet 15: got as ar as Ls itt 
Limit; where it is equal to the Inclination of 
the Plane of the Planet; Orbit, to the Plane of 
the Ecliptic. But during the Planec's paſſage 
from thence to the other Node u, it is decrea- 
ſing, till at laſt it vaniſhes at the Node. Having 
paſs d the Node u, it begins again, chang- 
ing its name, becauſe tis towards the con- 
trary parts of the Ecliptic, and grows bigger 
and bigger, till the Planet has arriy.d at the 
> other Limit I, from whence again it grows leſs 
and leſs, tilb it vaniſhes at the other Node N. 
S 5 7 The Orbs of the Planets (that. is, the Planes of 
-» their Orbits) are inclin'd to the Ecliptic in the 
following manner: The Orb of Saturn makes 
an Angle of 2 + Degrees; Jupiter, 14 Degree; 
> Mars, a little leſs. than 2 Degrees; Venus, — 
thing above 35 Deg. Mercury almoſt 7 Degrees, 
An account of the Poſition of the Line of the 
Nodes of each Planet ſhall be given in a 
it more proper place. We have, in theſe two laſt 
* Propoſitions, conſider'd the Planets as they ap- 
pear to one plac'd in the Sun: - becauſe. it 
was neceſſaty to the underſtanding their Motion 
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"deſeribe the Phænomena rifle flow nbd Mer | 4 


1105 "of the” Earth, and inferior Planets, Venus 
Hd" Meri „ when DIA frm the Eartbz. 


in che Scheme, [ Fig. 4. ] where Trepreſentsthe 


Barth, Cartisd in its Orbit D from Weſt c 
Baſt; "and AC EG, the Orbit deſcribid by Venus 
in 4 lefß ſpace of Time che ſame way; tis evi- 
dent, that when Venus is in BE, that part of 


ies Orbit that is fartheſt off the Earth, it will 
appear to us on the Earth to move in conſequentis, 
br according to che order of che Signs, and is 
then ſaid to he Direct. When it is in G, mo- 


ing from thenee to H, it will appear to mor 
as wife as the Sun, becauſe then its Motion 6 
tends" direkiy "rowntds the Earch, and it does 
not ſeem to move ar all, but as its Orbit is car- 
ried —9 * the Sun; whoſe Motion is towards 

enus moves now therefore lower 


che Eauſt 
klar defere, but is al 1 Direct. When it is got 


beyond E in its Motion, thro' A to B, it — 97 


between the Earth and Sun, becauſe it 


"NeEarer'to us than the Sun, and moves ſwifter 77 
than che Earth; (the cauſe of which we ſhall 725 
"hereafter aſlign,) conſequently will ſeem to us 
to change its Place among the Fixt Stat, and | 
—_— in untecedentia, or contrary to the order 
of the Signs, and then it is ſaid to be Retro- 
ade,” tho" really Direct ſtill, if view'd from 
& Sun. Between Direct and Retrograde, for 


1 2 about H, it will appear Stationary, 
the right Lines that join the Earth and Venus, 
continuing for ſome ſenſible time parallel. 


Thus likewiſe, after its Retrogradation, before | 


| Oy Direct "again, i Wil appear Stati- 


A of 


- "Vince enus/and Mercury revolve about the F 
Sum in ſeſſer Orbits than the Earth, as you fee | 
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gan equal diſtance from the Eye of the Specta 
This digreſſion to the Eaſt ward or Weſtward of 
5 the Sun is call'd the Elongation, and is meaſured 
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| 7 onary a ſecond time, and is Stationary in order 
to its being Direct, as it was before in order 
to its being Retrograde at H. In all this affair, 


regard is to be had to the Motion of the Earth, 
for Venus is Direct, Stationary or Retrograde, 
according as it is poſited in ſuch parts of its 
Orbit as have the ſame relation to the Earth in 


it will ſeem always to attend the Sun, ſome- 
times to go to the Welt of it, ſometimes to the 
= Eaſt: all the Heavenly Bodies ſeeming to be at 


tor. 


by the Angle contain d under a right Line drawn 


from the Eye to the Sun and Venus, which is 


never greater than the Angle OTC or OT, 


it the Lines TC or 7G, when drawn, are Tan- 
gents to the Orbit 4 DFT. Conſequently the 


Elongation of Venus will never be above half 


2 Quadrant from the Sun, as is evident from 


the Semidiameters laid down in Prop. i. And 
when it has arrived to its fartheſt Elongation 


it will return to the Sun, and paſs as far be- 


yond on the other ſide as if its Motion were 
Oſcillatory. LG:44414) py Roms 
Mercury has all the ſame Phænomenaz but its 
DireRions, Stations, and Retrogradations hap- 
pen oftner, becauſe it finiſhes its Courſs in a 
ſhorter time, and conſequently overtakes the 
PEP, Earth, 
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Earth oſtner than Venus. And ſince Mercury's | 
Orbit is leſs than that of 2 its greateſt 
Elongations muſt be alſo leſs, and it muſt 
be a nearer and more conſtant. attendant of the 3 
Sun, being, by Prop. i. never a whole Sign di- 
ſtant from it, and conſequently nden to be | 

nn ya us. 4 
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prerdeirion V. 3 a 
5 deſcribe the Phænomena of the Ln 1 
'» the inferior Planets ſeen from the Earth. 
Let T's : be the Earth's Orbit, whoſe ns s | 
the ſame with that of the Ecliptic ; | Fi 
and let N be the Orbit of an inferior Pla 
for inſtance Venus, whoſe Plane is inclin'd tc to q 
that of the Ecliptic, and therefore will look - 
like an Ellipſe, whoſe greater Axe is the inter- . 
ſection of the Planes, or Line of the Nodes Nn. P 
And while Venus is in 2, let the Earth be in 7; . 
in which ſuppoſition Venus will be neareſt the 
Earth, and Retrograde, by Prop. iv. 17 
Tis evident from Def. 5. Elem. Xi. that the 
Inclioation of the right Line 2 T to the Plane uy 
of the Ecliptic, or the Latitude of Venus in 2, 
ſeen from the Earth (which is hereupon called 
the Geocentric Latitude) i is meaſured by the Angle 'F 
2 E, the right Line 2 E, being made perpen- 
dicular to he Plane of the Ecliptic. If Venus be 
ſuppos d to continue in 2, and the Earth to be 
at t, in which ſuppoſition Venus is Direct, and 
furtheſt off the Earth; the Geocentric Latitude ; 
of Venus will be the Angle 2: E, leſs than 2 TE, 
almoſt in the ratio of 7 2 to 7 2, tho the Helio- | 
—_— Latitude of Venus be in both caſes the Wo 
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Mergury as well as of Venus; conſequently — 
other 
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Jer circumſtances being alike, the Latitude 
Z © of the inferior Planets is greater, when they are 
8 | {res and neareſt the end les, when 
Direct and fartheſt oft. 

Moreover if any inferior planet be moſt 3 
grade and neareſt che Earth, and at the fame time 
in or near a Node, it will be found directly be- 
tween the Obſerver. and the Sun: If it be at a 
$ conſiderable diſtance from a Node, it will paſs 
the Sun to thie Northward or Southward of him. 
In like manner, if it be moſt Direct and fartheſt 
off the'Earth, and be alſo near, or in a Node, it 
will be cover d by the Sun; if it be otherwiſe 
eee i will pals on one no of the 1 7 2 rar 
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fro: une PROPOSITION VI. 
10 explain the Phanomena of the Taftrier pl. 


0 dere, ariſing Pom their being opake"Sphyrital 
5 Bodies enlighten'd by the Sun. 
Since all the Planers, as well as the Earth, 
ö are opake Spherical Bodies, reflecting the Rays 
of Light that fall upon them every. way, tis evi- 
=: dent that that half of each Planer which is ex- 
+ poſed or turn d to the Sun, is enlighren'd by 
it, while the other half, which is — f 
the Sun, is in darkneſs, And ſince that ha 
only which is towards the Earth is ſeen by the 
* Obſerver, if we conſider which Face of Venus is 
enlighten d in this or that tuation in reſpect of 
de the Sun, together with the Face that is viſible at 
le the Earth, [ Hg. 6.] in the part F of its Orbit 
„, T, ie will be mariifeſt; that whenVenus is in A, 
> | char i is, moſt Retrograde and neareſt to us, ic 
eis not viſible at all, having its dark Face turn d 
to us: And if Venus were at the ſame time in 
of the Plane of the Ecliptic, that is, in one of its 
1X Notes, it would appear. like a Spot in the * 
_ Fr 
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being - ſituated directly between the Earth and 
Sun, by the foregoing Propoſition. be 
When Venus is got into the ſituation B, that fe 
is, begins to be Retrograde, if view'd from 4 
the Earth, then ſome part of the enlighten d 
half is turn d towards the Earth, tho the greater 
remaining part belongs to the obſcure half. 
And becauſe Venus is of a ſpherical Figure, and 
appears like a Plane, its enlighten'd part will 
appear Horned, and thoſe Horns turned towards 
the Weſt, or from the 8aan .. 
When Venus is at C, half the enlighten d part 
will be ſeen by us, and then it is ſaid to be 
half Full; at D it is ſaid to be Gibbous, above 
half the enlighten'd part being viſible; and at 
E, where it is fartheſt off the Earth, and moſt 
Direct in its Motion, it appears Full, all the 
enlighten d Hemiſphere being turned towards 
| Verius will have the ſame variety of Phaſes in 
its paſſage thro F, G, and H, that is, it will be 
 Gibbous at F, half Full at G, and Horned at H, 
with its Horns turned from the Sun, that is, in 
the preſent caſe; looking towards the Eaſt, ex- 
actly contrary to what they were when it was 
For the better underſtanding of this matter, 
we have delineated the ſeveral Phaſes of Venus, 
as they appear to us, in the Scheme [ Fig. 7.]; 
where the ſame. Letters ate uſed that were in 
the Diagram | Fig. 6.] repreſenting its Phaſis 
when it was in that part of its Orbit, marked 
by the ſame Letter. Thus, in this Scheme, 
Fig. 7. ] at the Point A, it is drawn all ob- 
cure, | becauſe that is its condition in reſpect 
of the Earth at T, when Venus is at A, in the for- 
mer Diagram. At B it is repreſented Horned, 
2 be- 


e 


R err 
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SF becauſe it appears ſo, when it is at B, in the 
former Scheme, and look d upon from the Earth 


laid down in Prop. 1. So it follows converſely, 
that the Obſervation of theſe Phænomena in 
them, eſtabliſnes and confirms that Order and 
Situation, namely, that Venus and Mercury re- 
volve about the Sun, in Orbits, that are included 
4 wichia che Earth's Orbit. 


6 at 7; and ſo on in the other caſes of C, D, &c. 
rd The like Phænomena will appear in Mercury, 
er regard being had to its Orbit and Revolution. | 
F Md SCHRESRERT 
1d As the Phznomena deſcribed in the three laſt 
in Propoſitions, manifeſtly follow upon theSituation 
ds and Motion of the Earth, Venus and Mercury, 


PROPOSTLTION VII. 


To deſcribe the Pbænomena ariſing from the 
we Motion of the Earth, and of the ſuperior Pla- 
"= nets, Mars, Fupiter, and Saturn. | Fig. 8.] _ 

Let Ad be the Orbit of any one of the ſupe- 
Tior Planets; for inſtance Mars, 4 C 8 G the Or- 
bit of the Earth, nearer tothe Sun. Tis evident, 
flirſt, that this Planet will not always attend the 
Sun, but ſometimes be diametrically oppoſite 
do it: For the Earth finiſhing its Revolution 
ſooner than any of the ſuperior. Planets, will 
= ſometimes. be exactly between the Sun and 
that Planet; thus, when Mars is in A, the 
Earth may be at H; and, to ſpeak univerſally, 
the Angle at the Barth, made by lines drawn 
thence to the Sun and that Planet, may be equal 
to any given nee. 2 
Let us ſuppoſe Mars to be in M, and the Earth 
at the ſame time in 4; Mars in chis caſe will 
appear Stationary, in order to its being Direct, 
becauſe the right Lines that join the Earth and 
oy Planet 
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Planet at that moment, will continue parallel 
for ſome ſenſible time; during the whole of 
which, not withſtanding, Mars will ſeem to go 
forwards; as uſual, if viewed from the Sun. 


While che Earth moves along thro B, C, D, E, ! 


Fand G, Mars likewiſe will ſeem to go forwards 
among the Fixed Stars, upon a double account; 
firſt, becauſe it really does move about the Sun, 


in conſequentia; and then again, becauſe the 
Earth in the oppoſite: Semicircle is carried the # 
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ſame way, and about the ſame Center: And, 


ſequently, Mars in this caſe being moſt re- 
mote from the Earth, and in conjunction with | 
the Sun, vie wd from the Earth, will ſeem to 
move faſter than ordinary, in tonſequentia, and 
become Direct. But when the Earth is arriv'd W 
to the Point G, in reſpect of Mars at M (Which 


ſome time or other will happen, tho Mars be 


carried in the mean while about the Sun, name- N | 


ly, when the Earth has almoſt oyertaken Mars) 


Mars will again become Stationary, in order to 


its being Retrograde, as it will be ſoon after. 


For when the Earth in its Motion from G, 
thro' H to A; has paſs d Mars, and that Plane 


is ſeen in oppoſition to the Sun, and biggeſt, 


becauſe neareſt the Earth, which is lower and 
ſwifter, will make Mars appear to move is ante- 
cetentia from S thrœ K to P; whereas in the 
mean while-view'd from the Sun, it ſeem'd to 
move as always before, in confequentia, + 
The like Phznomena will happen to Jupiter 
and Saturn, excepting char Saturn's Retrograda- 
tions are more frequent than Jupiter's, and Ju- 
pirer's- than Mars's: becauſe the Earth oftner 
overtakes Saturn thian Jupiter, and Jupiter oftner 
N paſſes between them and the 
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1 PROPOSITION VIII. 
Iro deſcribe the Phanomens of the Latitude of the 
I I Superior Planets ſeen from the Earth: 8 
et the Earth's Orbit be Tr 5; [ Fig. 9.] that 
of any ſuperior Planet as Mars & MA, whoſe Plane 
ss inclined to that of the Ecliptic, and cuts it in 
che Line of the Nodes N Os: Let the ſituation 
of Mars and the Earth, to the Sun, be ſuch, as that 
Mars being in &, the Earth may be in 7, almoſt 
between Mars and the Sun; in which caſe Mars 
is both neareſt the Earth, and conſequently big- 
geſt and moſt Retrograde, as was ſhown in the 
oregoing Propoſ. Its Geocentric Latitude will 
de meaſured by the Angle & TE, d E being ſup- 
pos d perpendicular to the Plane of the Ecliptic. 
But if Mars continuing in the ſame ſituation in 
Mits own Orbit, and conſequently having the ſame 
HFeliocentric Latitude, the Earth being ſuppoſed 
be int, the Sun being between it and Mars; 
in which Caſe, by the foregoing, Mars will be 
fartheſt off, and conſequently leaſt, and moſt 
Direct in its Motion; Its Geocentric Latitude 
meaſured by the Angle & E, is always leſs than 
the Angle d TE, in the ratio of the Diſtances of 
the Earth from Mars, that is, of the right Lines 
'37&,r&. Thus in whatever ſituation Mars and 
the Earth be placed, in reſpect of the Sun, its 
2 Geocentric Latitude will be changed, ſo as, ca- 
teris paribus, it will be leſs as Mars is nearer to 
2 Conjunction with the Sun, and its ſwifteſt di- 
rect Motion; and greater, as it is nearer its Re- 
trogradation and Oppoſition to the Sun. 
Tis evident from what has been ſaid, chat 
none of the Superior Planets can ever be ſeen 
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r from the Earth to cover the Sun; tho any of 
© 3 them may be covered by the Sun, when it is 
= „ e 
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Direct and pretty near a Node. 
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e the Phenomena % the e Pla. | 4 
ner, arifing om their eing * Hake, | TT 

an enlightned by the Sm. 5 

Saturn and Zn 80 Being Opake Bodies, and 

illuminated by the Sun, chat half of each Pla- 

net which is urnd towards the Sun, (that i is, 
the illuminated half) is likewiſe turn'd to- f Pit 
yl wards the Eatth, which is never far off from the at 

fl Sun, or Center of Saturn and Jupiters Orbit: ; E 

* For, by Prop. i. Jupiter's) diftance' from the * 

ll Sun is above five times, ànd Saturn's almoſt | 

1 ten times greater chan che Earth s diſtance from | 
it. 

In Mars indeed it is bbomethüng Uifferert: For 
the diſtance of Mars from the Sun being but 
half as much more as the-Earth'sDiſtance from its 1 5 
its inlighten'd Hemiſphere, towards the Sun, jo \ 
is not always, as to Senſe, turn d towards the | 2 Ele 

Earth. [Fig. 10 J Let 7 be the Earth's place in > 
its Orbit TE tis evident that Mars being at 4 & 
or B, in Conjunction or Oppoſition to the Sun, ar 
has the ſame Face towards the Earth, as ic 
has towards the Sun, that is, its enlightened |. 2 
ohe, and conſequently appears Full; but in the Buc 
ſituation of the Points D or C (when the Angle che 
OCT, or OPT is greateſt, or when OTC, or ot 
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O T 5 is almoſt a right Angle) neither is the 1 
whole enlighten d Face ſeen, nor is chat Face that Ind 
is ſeen entirely illuminated, but it appears Gib- 0¹ 
bous, the light being deficiene a little towards O. 
thoſe parts that are turn'd from the Sun. BY Fon 


S CHOLIU M. = 
As che Phænomena deſcribed i in theſe three Far 
laſt Propoſitions follow from the Order and Mo- t 
tion of the Earth, Mars, J upiter, and 87 Fon 
at 
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laid down in Prop. 1. So by the converſe of 
hem, che Obſervation, of theſe Phænomena 
ettles and eſtabliſhes that Order. 


21 PrRoPosITION X. 2 
O deſeribe the Phænomena of the Motion of Cor 
mets, ſeen from the Earth. » 0 


s, Becauſe different Comets have different Or- 
d- Pits, which can't be determin'd till ſome Obſer- 
ie Vations have been made about them: Tis evi- 


lent that during their deſcent, near their Peri- 
Helium, or while they are in that part of their 
rbit, which is within the Region of the Pla- 
Pets, they have the ſame Phænomena as the 
lanet next them has, regard being had to the 
elocity and Inclination of the Orbit of the 
omet. | "AY 
1 Conſequently a Comet's apparent Path a- 
Nong the Fixt Stars, will be nearly a Great Cir- 
le; excepting that its deviation from it, on this 
r that ſide of it, will be like that of a Planet, 
Ircording as the Motion of the Earth is, which 
n, Frries along with it the Spectator. For were the 
it Fomet view'd from the Sun, it would deſcribe 
Great Circle among the Fixt Stars accurately. 
Nut its deviation from one, on the account of 
le che Motion of the Earth round the Sun, will 
pot be very ſenſible in a ſmall ſpace of time. 
lf che Earth happen to be between the Sun 
4 d a Comet, that moves in conſequent ia, the 
b- Comet will be Retrograde; for the Earth 
Moves ſo much the ſwifter, as the right lines that 
onnect the Earth and Comet converge towards 
he Region beyond the Comet: But if the 
Farth moves flower, then the Comet's Motion, 
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ee 
o- taking away the Earth's Motion, likewiſe be- 
n. omes ſlower : But if the Sun be between the 


C Earth 


\ 
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Earth and the Comet, the Comet's Motion will = 
appear. ſwifter, than really it is. On the con. 
trary, the Comets that move is antecedentia are 
| fwifer than they ſhould be, when the Earth is 
between them and the Sun; and flower, or per- 
haps moving according to the natural Order of 
the Signs in appearance, when the Earth is ſitu- 


ated on 3 * ontrary ſide. All this happens 


from the Motion of the Earth, and its various 

Poſition, as it does in the Planets; that are, ac. 
cording as the Motion of the Earth falls in with - 
i or is contrary to their Motion, ſometimes Re- e 


trograde, ſometimes Slower, ſometimes Swifter e 
than they ſhould be, as has been ſhewn in Prop. i=! 
iv and vii. Thoſe Phænomena will be moſt ſen- cr. 
ible, and eaſily taken notice of, a little before 4 
the diſappearance of the Comet; its apparent 
Motion being at that time ſlower, and the 
Earth's Motion proportionably greater, with 
which the Spectator is carried: © © „ 
The Latitude of the Comet likewiſe, cæteru 
paribus, is varied by the different Situation of the 
Earth, it being greater in Oppoſition ; but in 
Conjunction greater or leſs, according as the. 
Comet is between the Earth and Sun, or the 
un between the Comet and the Earth, as was 
Nansen 5e the Planets in Prop. v and viii. 889" 
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r- Df the Direction of the Forces, which re- 
of tain the Primary Planets in their Orbits. 
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- PROPOSITION XI. 


uz | | 

A F @ Body be moved according to the Direttion' of 
h, 4-7 given right line as A Z, [Fig. 11.] and: at 
e he ſame time be urged by a Centripetal Force tend 
er towards a certain given immoveable Point 41 f, 


ted without the aforeſaid right line ; the Line 
n. crib d by the Body will be a Curve, and Concave to- 
ire 7d, S, lying all of it in the ſame immoveable 
nt ve paſſing thro the right line AZ and the Point S: 
he“ the Areas contain d under any portions of the 
ith we and Right lines drawn to the Center S, are to 
( another, as the Times wherein thoſe portions of the 
re were deſcribed. dr) 
Met the Time be imagin'd to be divided into 
nal parts; in the firſt of which let the Body 
the cribe the line 4B, a part of A Z, by its Vis 
. alone, by which it tends to move accord- 
do the Direction of the Line A Z ; in the 
33, 3 ond part of Time it will deſcribe the Line 
equal to the former A B, if nothing hinder 
For by the firſt and chief Law of Motion, all 
dies once put into Motion, and not meeting 
h any Impediment, will continue to move 
itormly on, in the ſame right line they were 
moved in. But when the Body is arrived at 
Point B, let us ſuppoſe a Centripetal Force 
ing towards the Point 5, to act upon it by 
Sgngle impulſe, ſo as that, had it been impelld 
my by that Impulſe, it would in the ſecond 
t of Time deſcribe the line B G. Tis evident 
C 2 that 
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that drawing the Line c C parallel to BG, thro 
the Point c, and GC to Be, thro G, the Body 
acted upon by both Impulſes at once, will ar. 
rive, in the ſecond part of time, at the Point c, 
deſcribing the right line B C. For as it is well 
known in Mechanics, a Body deſcribes the Di- 
agonal of a Parallelogram, both the Forces com. 
bin d, in the ſame time as it would do the Sides 
with the Forces ſeparated. *Tis certain like wiſeh 
that the right line BC is in the Plane of the Pa 
Tallelogram BG Ce, both of whoſe Sides BG 
—= and Be is in the Plane of the Triangle AS BY 
il that paſſes thro the Center 5, of the Centripe 
tal Forces, and the immoveable right line 4 27 
Beſides, the Triangles SC B, Sc B; are equal, be 
cauſe they are upon the ſame Baſe BS, and be 
tween the Parallels 8 B, Ce; but ScB, SB 
are equal, becauſe their Baſcs are equal, an 
height the ſame: Conſequently SBA, SC Ball A 
are equal. By the ſame method of reaſoninęe 

if in the third particle of Time, a Body deſcrib:W8 
any other right line as CD; it may be prove 
that the Triangle S CD is equal to the Triang 

' SBC, and that the right line CD is in the ſam 
Plane with the right lines S B, BC; that is, i 
the ſame with that which is drawn through th 
right line A B, and the Point S. And fo u 
may go on, as long as the Motion is continue 

and in equal times the Area deſcribed by Radi 
drawn to the immoveable Center of the Force 

will be equally increaſed; and by compound 

ing Ratios, any ſums of Areas, are to one ano 
ther, as the Times wherein they are deſcrib4 
The Line deſcrib'd by the Body will be in th 
immoveable Plane, and it will be concave to 
wards S, becauſe every part of it that is e 
right line, as BC, declines from the og" 
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0 4 B, towards the Center. If you ſuppoſe the 


ly Mumber of the Triangles, S A B, SBC, SCD 
1r- Jo be augmented, and their breadth to be di- 
C, Mniniſhed in infinitum; their Baſes, 4B, BC, CD, 
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ill form a Curve Line, concave towards the 
ame parts, and lying in the ſame Plane; and 
he Centripetal Force, which before acted, as 
t were by ſtarts, and at equal intervals of Time, 
hereby the Body is continually drawn off from 
Pa he Tangent of that Curve (which the baſes of 
he Triangles meaſure) now acts conſtantly : 
5 nd any Areas thus deſcribd, SABCS, 
pe 4 BCDES, will be, as before, proporti- 
12 nal to the Times of deſcription. 2. E. D. 

be 


PROHPPOSITION XII. 


be 
A Pody moved in à Curve Line A B CD, 
ans [Fig. 12. ] deſcrib'd upon a Plane, and con- 


al{W-ve towards the ſame parts, and by a Radius drawn 
ing 8, an immoveable Point ſituated in the ſame Plane 
ibe ards the Concavity of the Curve, deſcribing Areas 
c portional to the Times, is urged by a Centripetal 
ng. orce tending to the Point S. 
am Let ſuch a Curve be imagined to be divided 
Mitothe parts 4 B, BC, CD, &c. differing as little 
sc can be from right lines, ſo as to be deſcribed 
equal Particles of Time: Let the Centripe- 


ell Force likewiſe be conceiv'd to act only in 
ade points B, C, D, &c. by ſtarts, as in the forego- 
reel g Prop. Let A B be produc d to e, fo as that 
und - be equal to 4B; in like manner BC to d, 
a Il C.4 be equal to BC; and ſo on. The Tri- 


Wngle $.4 B, will be equal to SB C, becauſe, by 
87 potheſis, the Areas deſcribed are proportio- 
e to al to the Times; and S AB is equal to S Be, 


is ecauſe A B is equal to Bc: Wherefore S A C 
ron equal to $ Be, and conſequently (by 39 
: | | GY Elem, 
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Elem: 1.) Ce is parallel to S B. Moreover, the 
Body moved along 4 B, in the firſt particle of 
Time, by its Vis infits alone would deſcribe Bc, S 
in the ſecond ; but it really does deſcribe'B c, 
in that ſecond Particle of Time: Wherefore! 1 
the Force acting in the Point B, in conjunction 
with the Vis inſita to carry the Body along BC 4 
is directed according to a Right line parallel to 
Ce; that is, according to the Right line B rc 
After the ſame manner the Force acting ini 
the point C, and in conjunction with the Vii 
inſita, (by which alone the Body would deſcribe} 
the Line Cd in the third Particle of Time) car 
Tying it in the ſame time along C D, is d 
rected according to a Right line parallel to 4D, 
that is, according to CS : But the Right inc: : 
BS, CS, &c. tend towards the Point S. There. 7 
fore the Centripetal Force, that draws the Bo- 
off from the Tangent of the Curve, aa 
— Ba right lines * to the immoveable 
a f 
PrxoPOSITION XIII. 4 
HE Forces whereby the Primary Planets, Mer 
cury, Venus, Mars, Fupiter, and Saturn, an "wn 
drawn off from their Rectilineal Motions, ax ren 
in their Orbits, do not tend towards the Earth, b 
towards the Sun. . | 1 t 
For every Body that is moved in a Curve te 
Line, is turn'd off from its Rectilineal courſe, he 
that it naturally affects, by ſome Force or n 
ther. And it is evident that the Planets move 
in Curve Lines, becauſe their Orbits return in- 
to themſelves. Now this Force exerciſed upon 4 
them, does not tend towards the Earth, becauſe 
the Grbits of two of them, namely, Mercury 
and Venus, do not ſurround the Earth, as is evi 
dent 
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ent from Prop. vi; and conſequently they, are 
Kot concave in all their parts towards the Earth: 


Bc, Wherefore (by Prop. xi.) the Forces by which 
? C, Whey are kept in their Orbits, do not tend to it. 
Ore 


geſides, the Primary Planets, viz. Mercuty, 
'enus, Mars, Jupiter and Saturn, in reſpect of 
he Earth, do ſometimes go forwards from the 
Weſt towards the Eaſt, ſometimes backwards 


2 rom the Eaft towards the Weſt, and ſometimes 
in tand till : But the time in which thefe Moti- 
Vins ate perform'd, always flows uniformly; and 
ibeWherefore-che Areas defcrib'd by a Radius drawn 
aro rhe Earth from any Planet, are not propor- 
di. ional to the Times of deſcription. Conſe- 
1D Nuently, by the foregoing Propoſition, each 
inen Planer is urged and retained in its own Orbit, 
re. My a Force that does not tend towards the Earth. 
Bo. But (from the Scholium to Prop. vi.) tis certain, 
act hat the Orbits of Mercury and Venus furround 
ble he Sun; which is evident likewiſe concerning 


Fhe Orbits of Mars, Jupiter and Saturn, from 
he Scholium to Prop.ix. And all the Planets, in 

eſpeck of the Sun, are always Direct in their 
Ter Motion, as is evident from Prop. 1; and that al- 
an Imoſt uniformly, juft as the + ime flows. Tis 


ke,» rue indeed, the Planets move a little ſwifter in 
bu, ome Points of their Orbits, even in reſpect of 

the Sun, than in others, as ſhall be ſhewn hereaf- 
ve ter; but the difference is ſo ſmall, as it may 
ric, here very well be neglected. But even at that 


b 


time the Planets are nearer to the Sun (for their 
ove Orbits are not Circles concentric to the Sun) 
in and their Motion is ſo temper'd, as that the A- 
von reas deſcribed by Radii drawn to the Sun, are 
uſe 9 augmented, as will appear in the ſequel 
ury of this Subject. And conſequently the Forces, 


whereby the Planets are drawn off from a Recti- 
en lineal 


ligeal Motion, _ rexel. in their oui, 
tend towards the Sun. PR 
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Ti E Forces, by which the 1 dt in ther f 

Trajectories (if they be Curvilineal 9 4 0 not tend 0 
towards the Earth, but towards the Sun. 

If the Trajectories of the Comets were Right] J 
lines, they would not be urged by any Forces a 
all tending to a, point ſituated without thoſt 
Right lines; for if they were, they would bell 
x14 off from 2 Rectilineal Motion, and made 
to deſcribe Curvilineal Orbits, by Prop. xi. Andi 
if the Trajectories of Comets were Curve lines 
yet the Force by which any ſuch Comet is re- 
tained in that Curve, is not directed towards the "e 

„ becauſe the Earth is generally found ro 

be without the Plane of that Trajectory; be. 6 
ſides, in reſpect of the Earth, the Comet h f 
ſometimes Dire& and ſometimes Retrograde, 
and conſequently does not deſcribe Areas pro- 

rtional to the Times: Yet in reſpect to the 
zun, which is placed in the Planes of all theit 
Trajectories, a Comet always moves the ſame 
way, and the nearer the Sun, the ſwifter; ſo 
as to encreaſe its Area, which is equally deſcri-. 
bed by a Radius drawn from the Sun: Where 
fore what was aſſerted, is evident from Prop. xi. 
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SECTION. III. N 


be If the Order, Diſtances, and Periods of the 
Secondary Planets revolving about their 
Primary ones, and their Phænomena; to- 


Zig gether with the Direction of the Forces, 
whereby they are kept in their Orbit 

” whereby they are kep rbits. 
111111 8 FOE 
del | 

* PRoPOSITION XV. 
es, o deſcribe the Order, and Periods of the Secon- 


re. dary Planets, or Satellites, about their Primary 
the ses, and Diſtances from them. 

toll Of the Six Primary Planets, that revolve a- 
be. out the Sun, there are but three, as we are ſure 
i f by Obſervation, that have Satellites, or o- 
de,Mers revolving about, them, hence called, Se- 
ro- ondary Planets. The Earth has one, wiz. the 
he oon, compleating its Revolution in 274 
ein Pays, and diſtant about 60 Semidiameters of 
me he Earth from it. | 

ſo Jupiter has four; the inmoſt of which revolves 
ri. I of a Day, at the diſtance of 5+ Semidiame- 
re. fers of Jupiter from his Center; the ſecond re- 
ti. Folves in 33 Days, at the diſtance of 9 Semidi- 
meters; the third in 74 Days, at the diſtance 
f 142 Semidiameters; the fourth and outermoſt 
Eg cvolves about Jupiter in the ſpace of 162 Days, 
Peing diſtant from his Center 25 Semidiame- 
ers of Jupiter. 

= Saturn has five; of which the innermoſt re- 
=Fvolves in 14 of a Day, at the diſtance of 43 Se- 
—Fmidiameters of Saturn, from the Center of Sa- 
3 turn ; the ſecond, in the ſpace of 23 Days, at 
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Saturn. And the Solar Syſtem, as far as it ha 
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the diſtance of 5+ Semidiameters of Saturn 
the third, in 4+ Days almoſt, at the diſtance qc 
8 Semidiameters; the fourth, in almoſt 16 Days 
at the diſtance of 18 Semidiameters; the fifty 
and oncermoft of all, that have been diſcovered in 
revolves about Saturn in 794 Days, at the d IL 
ſtance of 54 Semidiameters from the Center oi 
been hitherto diſcover'd is of a Figure mud 
like that in the Scheme [ Fig 13.] But betweet 
the two laft Satellites of Saturn, Hugenius fufped 
there revolves a Sixth, the ſpace being large 
than it ſhould be, in proportion to the diſtanca 
of the others, or that there are others bey oni 
the fifth revolving about Saturn, but not ſee ie 
as yet, by reaſon of their Obſcurity. Th 
Planes of the Orbits of the Satellites of thn 
ſame primary Planet, do not coincide, but arm" 
variouſly inclin'd to one another, and to th 
Plane of the Orbit of the Primary one. 
Saturn likewiſe. is encompaſsd with a th 
plane Ring, that does not touch the Body of Sa 
turn at all, but is like an Orbicular Arch, buil 
round about it. The Plane of this Ring is a 
this time nearly parallel to the Plane of Earth Wc 
Equaror. And Gom the various Poſition of it 
in reſpect of the Sun illuminating it, it being 
Opake like a Planet, and in reſpect of the EY 
of the Spectator, the various Phaſes of the An 
of Saturn ariſe, which have fo long baffled tbl 
attempts of Aſtronomers, with their variouf 
Shapes. This was firſt difeover'd by Hugens, in 
his Syfema Saturnium, Printed 1659. The Dia 
meter of the Ring is to the Diameter of Saturn 
as 9 to 4; and the breadth of the ſpace be. 
tween the Ring and the Body of Saturn is equa 
to the breadth of the Ring it felf, 
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ProPosITION XVI. 
70 deſcribe the Pbænomena of the Moon view d 
| from the Earth, as it # a Spherical Body illu- 
red iated by the Sun. 
e d The Moon, being a ſecondary Planet, accom- 
r ones the Earth 7, [ Fig. 14.] during its Revo- 
t ha tion about the Sun, in its Orbit R T7, and 
aue oves in its Orbit the ſame way as the Earth 
veel oes, from A thro' B, C, &c. The Plane of the 
z5:a8{o0n's Orbit does not coincide with the Plane 
f the Ecliptic, but is inclin'd to it by an Angle 
about five Degrees; and the common inter- 
n ction of theſe Planes is the Right Line & V; 
e Points g and vg, where the Orbit of the 
oon interſe&ts the Plane of the Ecliptic are 
id the Nodes of the Moon, as was ſaid be- 
Pre, when we treated of the primary Planets. 
chat the Orbit of the Moon is to be conceiv'd 
being half above and half below the Plane of 


i e Ecliptic, the former A & to the North, 
"0, e latter a R & towards the South, and on 
zuil Pat account is repreſented in the Diagram, 
8 2 the Figure of an Ellipſe. One of the 
th Nodes, viz, that where the Moon, having paſs'd 
F i; Ne Ecliptic, is aſcending into the Northern 
Sing Ert, is call'd the Dragon's Head, and is mark d 
EY Dus &; the other, the Dragon Tail, mark d thus 
4% . The Line of the Nodes does not always 


eep the ſame poſition, but is moved with an 
ngular Motion, fo as that the Nodes go back- 
wards, viz. 8 thro' G, F, &c. and & thro' 
a . B, Cc. contrary to the Order of the Signs, 
Fompleating a Revolution in about 19 Years, 

From whence tis certain, that the Moon can 
ever be found in the Ecliptic above twice in 
its Monthly Courſe, namely, when it is in the 
N O- 9 N ode 


* 
* 
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Node & or ; all the reſt of the time it is Hof 
wide of it; and the Latitude of the Moon's de- 
viation is meaſur d by the Angle in whieh the 
Right line connecting the center of the Moon M 
and Eye is inclin'd to the Plane of the Ecliptie, go 
(by. Def.. 5- Elem. xi.) agrecable to what was 
ſaid above concerning the primary Planets, m. 
1 Ty 

Beſides, the Moon, like the other primary Pla- H 
nets, being an Opake, Rough, Spherical Body, ca 
refleting the Sun's Rays falling upon it; tis 


w 
evident, that half of it being turn d towards the be 
Sun is illuminated and bright, while the other tt 
half, that is turn d from the Sun, continnes ob- le 

ſcure and dark. Now only that Hemiſphere of 0 


the Moon which is towards the Earth, can be li 
ſeen by an Inhabitant of the Earth viewing it: WW fe 
Conſequently the Phaſes of the Moon will be b 
various, according to the various habitude of the p 
inlighren'd Hemif here to that which is turn'd tl 
towards the Earth; as was ſhewn in the like E 
caſe concerning the inferior Planets, in Prop. vi. V 
If the Moon be at A in the Scheme | Fig. 14.] f 
the point juſt oppoſite to the Sun, which we will t 
ſuppoſe to be at ©, and the Earth in T; tis c 
evident that the whole enlighten'd face of the : 
Moon is turn d towards the Earth; this Phaſis 1 
or appearance of the Moon is call'd the Full f 
Mocn. If the Moon be remov'd to B, the Sun f 
and Moon continuing as they were, part of 
the bright or illuminated half will be turn'd | 
from the Earth, and part of the obſcure or 
darken'd half turn'd towards it ; hereupon the 
Moon wall not appear full, but Gibbous, or a 
little deficient or obſcure in oppoſite to the Sun. 
The Moon arriving to the ſituation C, where 
the Angle CS is Right, and the Moon in 9 
g | 0 
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of its Su dratures, half the Hemiſphere which 
s turm d to the Earth is illuminated, and half 
dark; on which account it will appear a half 
Moon, and in the decreaſe. The Moon having 
got farther, for inſtance, to D, but a little of its 
Face that is turn'd to the Earth is inlighten'd, 
much the greater part remaining dark: and 
conſequently the inlighten'd part will appear 
HForned, by reaſon of the Moon's really ſpheri- 
„cal, buc apparently plane Figure; and the Horns 
will appear turn'd away from the Sun, as ſhall 
© be demonſtrated in the next Propoſition, or in 
1 the preſent caſe, turned towards the Weſt. Ar 

length when the Moon is come to the point &, 

or into conjunction with the Sun, all the in- 

lighten d half is turned from the Sun; and con- 


Ty 

ym 

f 

e 

ſequently the Moon will be intirely dark, and 

4 become a New Moon; becauſe it will ſoon ap- 

- pear at E, and ſhew irs Horns ſtill turn'd from 

| the Sun, and conſequently now towards the 

- Eaſt, Afterwards being upon the increaſe, it 

h will appear a half Moon at G, at the end of the 

| firſt Quarter, as it did in Cat the beginning of 

| the laſt Quarter; then Gibbous at H, till it be- 
come full again at 4. For greater evidence 

: and clearneſs of the whole, we have drawn the 

] Appearance of the Moon ſeen by us, corre- 

| ſponding to every diſtin& fituation, and plac'd 

| it juſt behind it. 

Tho' the time of the Moon's Revolution a- 
bout the Earth be but 27 Days, 71 Hours, which 
is calld a Periodic Month, yet by a Month, or 
intire Lunation is commonly underſtood all that 
ſpace of time that is ſpent from one New Moon 
till the next following, which is greater than 
the abovemention d Periodic Month; becauſe 
during the Periodic Month, in which the 
15 - To : a teh Moon 


«0 *- 
2 A cs Ag} ATT ET — _ — 
_ 


30 The ELEMENTS Bock I. 


Moon departing from the point X, where tke 5 


OC 


New Moon now happens, returns to it again; Mt 


the Earth itſelf, together with the Moon its At- N 
tendant, is carried an intire Sign in conſequentia; 


ſo that the ſaid point of the Orbit of the Moon 


K, is more towards the weſt of the Sun; and 
conſequently the Moon is not yet arrived to a 
conjunction with the Sun; but ſtill lacks 2 days 
and 5 hours to it, or to be become New; that 
is, to finiſh an intire Lunation, and all the ſe- 
veral Changes of its Appearances; which ſpace 
of time is call d a Synodic Month, and conſiſts of 


29 days, 124 hours. 2 


A little before and after a New Moon, wiz. | 
when the Moon is in D or F, the Rays of the 
Sun reflected from the Earth, meeting with the 


Moon, are the cauſe of that faint Light 


. . 3% 4£ C 
which the reſt of Moons Diſc beſides its Horns, 


is then render'd viſible. But when the Moon is 


got out of the way of the reflexion of the 
Earth's light, that faint light vaniſhes, being 


falſly ſuppos d native. 


PRO POSITION XVII. 


O draw the Pha ſis or Appearance of the Moon at 
any given Time. | > 
Let a Plane, the ſame with that of the Scheme, 


for inſtance, paſſing thro the Centers of the 


Sun, Earch and Moon, cut the Globe of the 
Moon, and ler its Section be the Circle 4DBC, 
Fg: I5.] Let CD be a Diameter of the Circle, 
and S L, a right line connecting the Centers of 


the Sun and Moon, perpendicular to it; and 


A B another Diameter to which the Right line 
JL, connecting the Centers of the Earth and 
Moon, is perpendicular. From the Point D, let 


DE fall a perpendicular to A B, meeting it in E. 


Since 
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Pince a Plane perpendicular to that of this 
Wcheme erected upon the Diameter CD, ſepa- 
"Bates the enjighten'd Hemiſphere from the ob- 

Fute; and a Plane erected after the ſame man- 
Per upon A B, ſeparates the viſible from the in- 
idle Hemiſphere : That part of the Globe of 
ie Moon which is common to both Hemiſpheres, 
. that which lies between the Planes erected 
pon AL, D L, will be the enlightened part of 
e viſible Hemiſphere ; and that which lies be- 
een the Planes erected upon B L, DL, will 
Se its obſcure or dark Portion. Both theſe Por- 
ons of the viſible Hemiſphere, as well the in- 
"Wehtened as the obſcure, are terminated in the 
ppoſite Points of the Globe of the Moon; 
amely, thoſe in which a Right line raiſed from 


ww 1 AA onoA = ww i wo < wo (Þ 
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, perpendicular to the Plane of the Circle 
cb, and produced both ways, meets the 
» Moon's Surface; that line being the common 
section of the two Planes erected upon AB, and 
> ED: The greateſt breadth of theſe parts is in 
Ihe Circumference ADB; the breadth of ob- 


ure being B P, of the enlightened AD. The 
Arc BD is the meaſure of the Angle B LD, which 
s equal to the Angle SLT, contained under the 
Right lines drawn from the Center of the Moon 
to the Centers of the Sun and Earth. For if to 
the equal Angles S LD, T LB, (becauſe right 
ones) you add the common Angle DL, the 
\ngles mention'd will be formed, which are 
onſequently equal. But at any given time, the 
Angle of the Moon's Diſtance from the Sun, 
iz. LTS is known; conſequently S LT, its 
omplement to two right: For the Diſtance of 
the Moon from the Earth is ſo ſmall, in com- 
pariſon with the diſtance of the Earth from the 
Fun, that the Right lines 75, LS, drawn from 

* * N LIENS 5 5 : the 
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the Earth and Sun, may be taken for parallel. 
Make therefore, that as twice the Radius is to the 
verſed line of the Angle TLS, ſo is BA t·to 
BE. And ſince the Hemiſphere of the Moon 
ſeen from the Earth, appears like a Circle, as it 
happens to. any Globe ſeen at a great Diſtance, 
according to the Principles of Optic: Let 
AMBN[ Fig. 16. Ibe a Circle repreſenting theDilſc 
of the Moon, the ſame with the former, made by 
the Section of the Moon with a Plane erected 
upon AB, and conſequently deſcribed upon thei 
ſame Center L, and with the ſame Diameter. 
Becauſe the Moon is at a conſiderable diſtance, 
each point of its Diſc will be ſeen by Right 
lines parallel to the Right line LZ. And there. 
fore BE, and AE, will be the greateſt Latitude, 
of the inlightened and obſcure parts in the Diſc} 
of the Moon. Draw the Diameter MN per- 
pendicular to A B; and deſcribe the Semi-Ellipſe 
ME N, whole greater Axe is MN, and leſſer WW 
equal to twice LE, MA NE M will be the in- - 
lighten'd Part, and MB NE N the obſcure 
Part of the Moon's Diſc 4 MB N. 

For the boundary of illumination on the Sphe- 
rical Surface of the Moon, by the Sun, which 
is likewiſe Spherical, is a Circle; and this Cir- 
cle ſeen at a diſtance obliquely, appears like an 
Ellipſe, whoſe Semiaxes are LM, LF, as is e- 
vident from Optics: Tis ſeen obliquely by TI, 
becauſe the Right line S L perpendicular to its 
Planes, is inclined to LT”; excepting when the 
Moon is Full, where they coincide. 

In the Conſtruction of this Problem, we ſup- 
pos'd half the Globe of the Moon to be inligh- 
tend, and half likewiſe to be ſeen by a Specta- 
tor, tho' neither of the Suppoſitions are rigo- 
roully true: For the Sun being bigger than the 
. ek * 


* ook I. of "ASTRONOMY. 33 
don, mote than half the Moon is inlighten'd | 
d the Spectator not being at an infinite Di- 
Innce from the Moon, its intire Hemiſphere 
ill not be viſible. But the difference in both 
Peſe caſes is ſo ſmall, that it may very well be 


de, Meglected: And the Phaſis or Appearance of 
cre Moon delineated as above, ſufficiently a- 
iſe ees with Obſervations. That the Scheme may 
bree with the Heavens, the Line B A, to which 
ed N connecting the Horns is perpendicular, 
he uſt be plac'd in fuch a Situation, as that it may 
er. Ind directly to the Sun: For the Right line LA, 
e, n from 7; coincides with the line LS tend- 
ht. to the Sun. ; 


ne Phaſes of the inferior Planets and Mars; 


les ſeribed in Prop. vi. and ix. are to be delineate 
iſe er the ſame. manner; But then if L repreſent 


Primary Planet, the Right lines T5, LS are 
ſibly inelin d to one another, and form a 
riangle. | | 


4  ProerosITION XVIII. 

O explain the Phenomena of the Moon ariſing from 
tbe Opacity of the Earth caſting a Shadow, that 
an Eclipſe of the Moon. $7 ; 

The Earth is an Opake Body, conſequently 

hen it is inlighten d by the Sun, it caſts a Sha- 


e- towards thoſe parts which are turn'd from 
I, De Sun: and this Shadow muſt always be in 
its De Plane of the Ecliptic; ſince both Sun and 
he 


arth are always there. [Hg. 17.] If at any 
ne, the Moon when Full, ould happen to 


p- in the Plane of the Ecliptic, or pretty near 
h- (which it will be, when the Full Moon hap- 
ta- Ens in or near a Node, ) tis evident the Moon 
o- ill be immers d in the Shadow; and conſe- 


aently deprived of 8 Suns Light, by which 
3 it 
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it ſhines; chat is, it will ſuffer an Pipe which 
will be Toral or Partial, according as the whole 3 
or only a part of the Moon's Body enters che 
r | _—_ 
The Earth's Shadow” terminates at laſt in a 
Point, and does not reach fo far as Mars: For i 
Mars, tho in the Plane of the Ecliptic, and op. 
polite to the Sun, is not Eclipfed; which it ne. 
ceflarily would be, if it were immers d in the 
Earth's Shadow: For Mars is an opake Body, . 
as is ſhewn in Prop. ix. Tis evident at firſt fight, 
from this Figure of the Earth, «hat the Sun ö 
bigger than the Earth: For if the lucid Bod g 
be bigger than the opake one, the Shadow will: © 
E equally thick and cylindrical ; But if the st 
id Body be leſs than the opake, the Shadow; : 
indeed will be conical, but growing bigger and 
bigger, and the farther off it is from the opakef 
Body, the thicker it is; and in both caſes wil 
be extended infinitely. As the Sun is bigger 
than the Earth, ſo the Earth is bigger than the 
Moon; becauſe the Moon ſometimes is totally 
eas by entering into the Earth's Shadow 
ut the Earth's Shadow is much fmaller where 
the Moon enters it, than nearer to the Earth, 
as is evident from what has been already ſtiewn, 
Let the Circle Y M Fig. 18.] repreſent thi 
tranſverſe Section of the Earth's Shadow, whe 
it croſſes the Moon's Orbit. Let LV be the 
Orbit of the Moon, C E the Ecliptic. The di 
ration of ſome Eclipſes is found to be ſo lon 
(for inſtance, four hours,) as to let che Moi 
£0 the length of three of its Diameters in che 
Shadow totally Eclipſed. This happens -whett 
the Center of the Moon paſſes thro the Cents 
of the Earth's Shadow or Circle 24: Af 
ſuch an Eclipſe is call d a Total and crama Eclipſe 
8 2 Soine 


3 Sometimes the Moon is not arrived At, Or has 
already paſſed the Node, when it is entering the 
Farth's Shadow: Notwithftanding, af at that 
time it be ngar the Node, it will be totally im- 
mers d, and conſequently there will happen a 
Total, tho] not a Central Eclipſe, nor of fo 
long a coutinuance [ Fig. 19.] For the way of 
che Moon thro the Earth's Shadow, is leſs than 
che Diameter of the Shadow, becauſe it does 
not paſs thro' its Center; and conſequently, cæ- 
BY zeris paribus, will be paſs'd thro' 2 Men 
But if the Node be fo far off from the Sha- 
dow, (Fig. 20. as that only part of the Moonis 
1 immers'd, as it paſſes in its Orbit, near the 
"Shadow, the Eclipſe will be a partial one, and is 
aid to be of ſo many Digits as there are twelfth 
parts of the Moon's Diameter darken'd, when 
the Eclipſe is greateſt. For the Diameter of the 
Moon (like any other Integer) is imagin'd to be 
divided into twelve Parts or Digits: Which is to 
be underftood likewiſe of any other Phaſis of an 
Eclipſe. In all theſe Caſes, in the beginning 
of an Eclipſe, the Moon enters the Weſtern part 
df the Shadow, with the Eaſtern part of her 
imb; and in the end of it, ſhe leaves the Ea. 
ern part of the Shadow with the Weſtern part 
pf her Limb; and all the intermediate time is 
eckon d into the Eclipſe; but only ſo much 
ato the total immerſion, as paſs'd while the 

oon was totally in darkneſs. The Eaſterr 
imb of the Moon in its acceſs to the Shadow, 
loes not enter preſently into the thickeſt Dark- 
neſs; but grows darker and. darker as it ap- 
proaches mgher to the Shadow; and this ariſes 
rom the Penumbra, which always accompanies 
. 8 Shadow which is made by a lucid Body, that 

$ ſeen under a ſenſible Angle. And this Pe- 
| D 2 numbra 
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numbra is diffuſed all about the Shadow. Let . 
Obe the Sun, [Fig. 21.] E the Earth, and let 
Right lines be drawn juſt as in the Scheme: All 
about the Shadow T'V-M R, where no part of the 
Sun's light can come, a Penumbra VT PAR NE 
is ſpread, ſome part of the Sun's light not been 


\ 
"i 
1 

8, 

\ 

1 


ſtoß d therein: And this Penumbra is darker to. 
wards TV, RM which are the extremities off 
the perfect Shade; becauſe fewer Rays can arrive 
thither, the portion of the Sun, from which 
they are emitted, being ſmaller; but leſs ob 
ſcure towards P, R N, where more Rays can 
redch: And beyond which limit all the Rays of 
the Sun can reach without any hindrance at al ed 
and inlighten according to the degree of thei fir 
vigour. | 9 + at 
The Red colour, that the Moon in the midi 
of the compleat Shadow is affected withal, anf 
makes her look like a Brick (for in ſome Eclipſq⸗ 
he Moon intirely diſappears,) ſeems to aril 
om the Sun's Rays, either refracted in the 

_ paſſage” thro the Earth's Atmoſphere, or : 
flected by ſome particles of Matter flying aboi 
the Earth's Shadow, to the Moon; or from He ! 
light of the Stars, or all theſe taken together. 
Some kind of Eclipſe or other of the Moog 
happens generally twice a Year at leaſt: Mo b 
there being two Nodes in which the MoonfWDb( 
Orbit croſſes the Ecliptic, and they moving 
antecedentia, (by Prop. xvi.) and the Sun appea 
ing to go thro the Ecliptic in conſequentia, (Perf 
Prop. ii.) the Sun muſt meet one or other of the Hiom 
Nodes twice every Lear; and conſequently i Neaſ. 
Earth's Shadow muſt perforate, as it were, he! 
Moon's Orb in the other Node. If therefore 
Full Moon a ron juſt at that time, the Mo 
mult neceſſarily be totally and centrally Eclips 


* 9 Ao 9» Fr 7 


= 


— 
a OD 


C 
2 


ook I. of ASTRONOMY, 37 


was demonſtrated above. And tho' a Fall 
Loon does not happen juſt as the Sun and Node 
Peet; yet che inclination of the Orbit of the 
Moon to che Ecliptic, and the depth of the 
Farth's Shadow is ſo great, that tho the Full Moon 
Liſtant above ten Days from the aforeſaid time, 
core or after it, Fre be diſtant but fifteen 
Days, yet the Moon will ſcarce get clear of the 
Shadow. But if the abovemention d meeting of 


wel e Sun, and Lunar Node, happen on the very 
iche zy of the New Moon, or a Day or two before 


after, which can happen but ſeldom, the 
oon will be far enough off from the Earth's 
Fhadow in the next Full Moon, whether pre- 
al heading or following, and ſo will eſcape an E- 
hei ipſe; conſequently there will be no Eclipſe 

at half Year. „ | GH 


F PRxoPOSITION XX. 
O explain the Phenomena of the Sun ſeen from 
the Earth, and ariſing from the Opacity of the 
Moon, or Eclipſes of the Sun accounted for. . 
As the Moon upon the interpoſition of the 
arth is deprived of the Sun's light, and faid to 
de Eclipſed; ſo, in like manner, if the Earth 
Whould be robbed of the Sun's light, by the in- 
Wcrpoſition of the Moon, this Phænomena ought 
o be call'd an Eclipſe of the Barth. But the 
Obſerver of ir being on the Earth, and allow- 
ng of no loſs of Light or Eclipſe, nor Motion, 
or any other thing that ſeems to argue an im- 
perfection in his place of abode, calls this Phæ- 
omenon an Eclipſe of the Sun; for the ſame 
eaſon as an Inhabitant of the Moon, would ſay 
he Sun was eclipſed, wlien the Moon is really 
entering into the Earth's Shadow. | 
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is evident an Eclipſe ofthe Sun will happen 
in every ſuch New Moon,; as as the Moon ax 
or near any of the Nodes. For then the ſhadow 
of the Moon lying ditectly betwixt the Sun an! 
Barth, reaches to the Barth, and cauſes a tot 
Eclipſe to the Inhabitants of the tract C 
LNg. 22. ] that are im in the thickeft ſhade 
But the Maon's Shadow not being large enough 
to cover the whole Earth, the circular trad 
BC, ED, which ſurrounds the former CD, i 
cover d with the Penumbra, and its Inhabitan 
fee only a partial Eclipſe of the dun; which i 
greater towards C and P, becauſe a greater porii 
on of the Sun will be cover'd by the Moon? 
but leſs towards B and E, the extremities of th he 
Penumbra, and the defect of light is ſcarce ſen Ma 
ſible. At the ſame time, in other places, Mat 
E F, the bigneſs of the Earth is the reaſon wh yr 
there is no Eclipſe at all; the Sun inlightnin 
it without any hindrance or impediment. 
All the preceding account happens in Nature 
juſt as it has been related. But if we look upl 
on the Sun and Moon from our Earth, thi 
Moon will ſeem to cover the Sun more or lel 
according as the Spectator is nigher or farthe 
off from the total Shadow Fig. 23.] And be] 
cauſe the Moon which covers the Sun can't b 
ſeen, the Sun will appear to be darken'd in th: 
part which the Moon covers, the reſt only re 
maining lucid. eee 
Sometimes a central Eclipſe happens not t 
he total; but a bright Ring ſeems to ſurroun 
dhe Moon: The reaſon is, at that time thi 
Moon's ſhadow is ſo ſhort that it cannot reac 
he Earth; either becauſe the Moon is then ſi 
far off from the Earth; or becauſe the Sun 
Rays that graze along the extreme parts of ch 
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pn > ſhorten-tche Moon's ſhadow. The bigneſs of 
dow Solar Eclipſe is to be eſtimated juſt as in the 


an Moon, by the digits of the Sun's diameter, that 


rotz Ire darken'd by the Moon at the time given. 

C Tis: evident likewiſe that the Moon moving 
lad. 4 owards the Eaſt, Or from , thro m to 7 5 
ugh Hg. 2 2. the weſtern par t A of the Earth will be 
rat n che ſhadow firſt, which will paß along the 


oh arth's diſc, like a Spot, thro B, C, D, E, to E, 
nere it leaves the Earth. But if the Moon be 
ch i ook d upon from the Earth, the eaſtern limb of 
ort he Moon will firſt cover the weſtern of the Sun, 
„on ind the weſtern of the Moon will laſt uncover 
the he eaſtern limb of the Sun: And the greateſt 
ſen Markneſs that happens in a total Eclipſe is ſoon 
„ Mat an end; ſome part of the Sun's disk being 
hi preſently uncover'd, almoſt fo ſoon as the whole 
nine was cover'd: and that part, tho' never ſo little, 
will mightily inlighten the Air. ö 
Tho' the Moon muſt be in a Node the very 
moment of the New Moon, to cauſe the biggeſt 
Eclipſe of the Sun that is poſſible, and that the 
ſhadow of the Moon may go along the middle 
of the Earth: Yet if ſhe be not far off from 
thence, the ſhadow of the Moon, or at leaſt 
part of the Penumbra, will fall upon ſome tract 
of the Earth, being ſo big, and there cauſe a 
total, or at leaſt a partial Eclipſe : And in this 
ſenſe there are more Eclipſes of the Moon than 
of the Sun. But Eclipſes of the Sun, in any 
given place, are much fewer than the Eclipſes of 
the Moon; becauſe the Moon's ſhadow is leſs 
than the Earth, and conſequently it does not 
involve any given place upon the Earth, ſo 
often as the Earth's ſhadow. does ſome part of 
the Moon, © 
D 4 SCHO- 
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The lien Phznomena will appear in a i 
and Saturn: For their Satellites or: Moons, wil 
big *etlipſed,” by being immers d in the ſhadow. 4 
of their primary Planet; and thoſe Eclipſes oi 
them are obſerved by us, juſt as the Eclipſes off 
our Moon may be obſerved from them. In like 1 
manner, every Satelles coming between the Sun 
and its primary, ' eafts'a ſhadow upo the Pri. 1 0 
mary, Which ers to move along the Disk off 
the Primary from Eaſt to Weſt like a Spot 
But the Duratigh, Phaſes, Periods, &. of theſe 
Phænomena are various, and differing from the 
like ſeen by us, and arifing from our Moon, 
according o the diverſity of the Shadows, N 1 
tions and 1 9 08 boch of hy Priory and 


Segondary Planet. | AC 
. 0 
PROPOSITION XX. fo 


Ach of the Secdndary Plancts bene 1 ri 

ILL. Prop. xv. is urged by @ Force compounded of m 
Centripetal Force, ten ding to the center of the Primary, 
about Which it revolyes, and of all the Accelerating a1 
Force with which the Primary & urged. And there g 
fore the Forces whereby the Satellites are retain d in tc 
their Orbits about the Primary ones, tend towards the A 
centers of their Primary ones reſpettively. b 
Becauſe the Satellites of Jupiter and Saturn tc 
cevolve equably in circular Orbits, concentric I ©! 
with Jupiter and Saturn, they deſcribe Areas 1 
about theſe Centers reſpectively, proportional MI v 
to the Times. In like manner, it the Moon's t 
Orbit differ from a Circle concentric with-the Ml i: 
Earth, the lefs the Moon appears, (that is, the 
farther it is from the Earth) the flower it moves i 
round the Earth, fo that ſtill the Area, that the r 
Fadins Gran to the center of the Earth de- 
IR bn IP 1 {cribes, 


* ” » ? 
; 2 vie ss 
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ſeribes, is equably augmented. So that univer- 
any, each of the abovemention'd Satellites de- 
feribes Areas, by a Radius drawn to the center 
of its Primary Planet, about that Center, pro- 
portional to the Times. If therefore the Syſtem 
of any Primary Planet, and its revolving Sa- 
tellites, be ſuppos d to be urged along parallel 
lines, by a Force equal and contrary to that, 
whereby the Primary Planet in that Point of 
IF its Orbit, where it then is, is urged towards the 

un, the Primary Planet will no longer deſcend 

towards the Sun; and the Secondary will con- 
he tinue to deſcribe the ſame Areas about the Pri- 
mary as before; that is, proportional to the 
Times: (For if the Bodies move any how in 
reſpect of one another, and are urged by equal 
= accelerating Forces along parallel lines; or, 
Which is all one, if the Space in which they per- 
form their Motions be moved uniformly in a 

right line, they will move all after the ſame 
Fi manner, as they would do if thoſe Forces were 
71,08 abſent, or the Space were at reſt, in which they 
ing are included). So that each Satelles, only ur- 
ere · ged'by the difference of the Forces, will go on 
nin to deſcribe, about the center of its . 5 


| Pa 
the Areas proportional to the Times. "Thetefore, 


by Prop. xii. the difference of thoſe Fortes tends 
irn to the Primary Planet as a Center. But before 
ric that the whole Syſtem was urged along parallel 
eas lines, by a Force equal and contrary to that, 
nal whereby the Primary Planet is urged towards 
n's the Sun, that is, in its nattral'State; each Sarelles 
he is urged by a Force compounded of the Centri- 
the petal Force tending to the center of its Primary, 
ves and of all the accelerative Force that the Pri- 
he mary is urged by. Conſequently the foreſaid 
de- difference of the Forces, is that whereby the 


. 


885 . ** e ! Sa, "9 | 3 ITO Satelles 
. ores 4 
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Satelles is retained in its Orbit about the Pri. 
mary, the remaining accelerative Force, Where. 4 
by che Primary Planet is urged in any Point of 
its Orbit, conterring nothing to this: But this | 4 
difference has been ſhewn to tend to the Center; 
therefore the Forces whereby the Secondary 
Planets are retained in their Orbits about the 1 
Primary, tend towards the Centers of the ſaid di 
Primary reſpectively. Vun was ce be de- 1 m 
monſtrated. 1 


o 
— = GY * 


. 


1 


3 IV. e 


of the Periods'of the Primary Planets abo 
the Sun, and Secondary about their re- 
ſpective Primary, compax d together, and 
of their Diſtances likewiſe compared to- 
gether, with their mutual relation to one 
* the en and cates of it. oi» | 


* * 7 * 


Poros iriox XXI. 


IF"HE Motion of the Secondary Planets revobving 
about a Primary, is ſuch, as that the Square: 
F the Periodic Times, are in tbe ſame ratio a1 
the Cubes of their Diſt anses from the Center of the le 
Primary. 

This Theorem is abundantly evident from 
the Obſervations of Aſtronomers: And by the 6 
Squares of the Periodic Times, you muſt un- 
derſtand, the Squares of Right lines, or of 7 
Numbers, having the ſame ratio as the Perio- k 
dic Times; in. this Senſe alſo are the Squares ol 
the Velocity, and the like. 

Thus in the Satellites of Jupiter, where the 
Periodic Times of the inmoſt, ſecond, wy; 

al 


1 
I 


* an Mt — 


2 
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i- and outmoſt, are reſpectively as 1 1 34, 7:3, and 


e- rs; almoſt; and their Diſtances as 54, 9, 14% 
df and a5; the Square of the Periodic Time of 
che inmoſt, namely 3, is to 23 che Square of 
the Perioſlic Time of the ſecond Satelles, as 150, 
the Cube of the diſtance of the inmaſt from 
the Centeriof Jupiter, to 36, the Cube of the 
FF diſtance of che ſecond from thence. In like 
manner z is to 5, the Square of the Periodic 
Time of the third Satelles, as 170 to 2890, the 
Cube of the diſtanoe of the third from the Cen- 
ter of Jupiter. And 3 is to 280, the Square of 
ctte Periodic Time of the outmoſt Satelles, as 


ut ! 170 to 15800, the Cube of the diſtance of the 
e. outmoſt from Jupiters Center. And therefore, 


er æquo, the ſame ratio holds between any o- 
ad cher two of them compar d together; as the ſe- 
o cond with the third or the laſt, or the third with 
ne the laſt. This Ratio comes out more exact, if 
che Diſtances and Periodic Times are taken 
more accurately. 5 8 

The ſame will be found to hold in the Satel- 
lites of Saturn, if you take the numbers laid 
ig don in Prop. xv, that their diſtances from Sa- 
re: turn, and their Periods about him: may be eſti- 
n mated. - But the Moon being a ſolitary Satel- 
the les, this Propoſition-can't be applied to her. 


| PROPOSITION XXII. 
he PH E Motion of the Primary Plamets-about the Sun, 
n-W © fach, as that the Squares of their Periodic 
of Times are in the ſame ratio:as the Cubes of "their 
10-88 Diſtances from the Sun. ' © ol 
oF Thus, for inſtance in round numbers, the Pe- 
riod of Saturn is 30 Years, Jupiter 12; their 
he Squares are goo and 144. The diſtance of Sa- 
rd, turn from the Sun, is, by Obſervation, to the 
ED | diſtance 
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bY > 4 
7 7 


diſtance of Jupiter from the ſame, as 9 to 5 al- y 


moſt; their Cubes are 729 and 125. But tis 4 


evident thoſe Squares are nearly as theſe Cubes. 
Alſo the Period of the Earth is a little more than 
four times greater than the Period of Mercury; 
conſequently their Squares are as 17 to x almoſt: FF 
Suppoſing the Diſtance of the Earth from the 


Sun to be ten parts, the Diſtance of Mercury 


Cubes as 1000 to 59: But 17 is to 1 almoſt as 


1000 to 59; And ſo on in the other Planets. 


is, by Obſervation, about 4, or 3, 9; and their 


5 
7 
1 


The more correct the Diſtances and Periods are 


taken, the nearer you'll come to this Proportion. 
What has been now ſaid, may ſuffice at preſent: 


. 
ys 

* * 

EY 


out in the third Book. 


The Propoſition being more exactly to be made 


of. 


12 Spaces that @ Body deſcribes, acted upon by | 
A+ any kind of finite Force, (whether it be deter- 


minate and unchangeable, or the ſame in continual 


increaſe, or continual decreaſe) are in tbe very be- 


ginning of the Motion, in the duplicate ratio of the 
Let the Times be expreſs'd by the Right lines 


AD, AE; [ Fig. 24.] and the Velocities acquired | 


at the end of «thoſe Times, by the Ordinates 
DB, EC: And the Spaces deſcribed with theſe 
Velocities will be -as the Areas ABD, ACE, 
made up, as it were, of theſe Ordinates; name- 
1y, the Space deſcrib'd in every ſmalleſt parti- 
cle of Time, being as the Velocity and that 
Particle of Time conjunctly. But, in the be- 
ginning of the Motion, the Ordinates DB, EC, 
are very near the Point 4; and in that caſe, 
the Trilineal Figures 4 DB, ACE, are ſimilar 
rectilineal Triangles, that part of the Curve 
— c ate able A ABC, 


2 iq4t9tHtN © 


wid , % lent hed fins, fo, e 
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c, which belongs to the infinitely ſmall 
rrilineal Figures, not extending it ſelf beyond 
e Right line AG, which is a Tangent to the 


equal diſturbing Forces ſimilarly applied to the 
Bodies, and meaſur'd by the diſtances of the 
Bodies from thoſe places of the ſimilar Figures, 
to which theſe Bodies would arrive, in hm: 


N Curve in A. Now theſe ſimilar rectilineal Tri- 
4 angles, are in the duplicate ratio of their homo- 
b_ ogous Sides A D, AE. Conſequently the Spaces 
v deſcrib'd. in the beginning of the Motion, are 
5 in the duplicate ratio of the Time. Which was 
az co be demonſtrated. Lak * 

e "COROLLARY: 

From hence we may gather, that the Errors 
* of Bodies deſcribing ſimilar parts of ſimilar Fi- 
G gures in proportional Times, generated byany 


; proportional Times, without thoſe Forces, are 
very near as the Squares of the Times where- 
in they are generated. For theſe Errors are the 

Spaces which the Bodies acted upon by the di- 

ſturbing Force deſcribe. But if theſe diſturbing 

Forces are not equal, but in a given ratio; the 

Errors are as thoſe Forces and the Squares of the 


1 Times conjunctly; ſuppoſing the Forces ſimi- 
ho larly applied. J b 
e | PRO POSITION XXIV. 


, THe naſcent or evaneſcent ſubtenſe of the Angle o 
T Contact, in 275 T in e 

of the conterminous Arc. 1 

at Let ADC Fig. 25. ] be a Circle, the right line 

or AB a Tangent in 4, conſequently the Angle 

C, of Contact B A D. I ſay, any Subtenſe that is 


e, the neareſt to the Point 4, for inſtance, B D is 
Al as the ſquare of the Arc A D; that is, the ſub- 
= tenſe BD is to another ſubtenſe h d, in the ſame 

? r cir- 


_ Grenmſtances, as the Muare og the Arc AD to 7 


of Contact be not parallel to AC, but ro 4 G, 


D, 4 (being the neareſt that can be to 4) muſt 
which is equi- curve to it, by Hypotheſis : Con- 
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the ſquare of the Arc Ad. 1 
Draw the Diameter 4, which wil be per 8 © 
pendieular to A, join the Right lines DA, 44, 
DC, de, and draw PE, de parallel AB. a 
. Fieſt, "Jer the Subrenſe E N be parallel to AC. 
Now ( by 8 and 17. Elem. vi.) ADG CAN AE, 
and Add CAM Ae. Whereſore 4A: Add: : 
(AE: Ae ::) BD: bd. But ſince BD, d art 
neareſt to the Point 4, or in their nafcent con- 
dition, the Arcs AD, Ad, and their Subtenſes 
do not-differ from one another; that is, they are 
equal. ' Conſequently, in this caſe, BD is to 
bd; 2s the Square of the 0 49, to the Square 'Þ 
of. the Arc _— __ ” 
Secondly, if the Subtenle BD of the Angle * 


[F32. 26.] the ſame ſtill holds: For, drawing 
DE 4 parallel to 4 C; then, becauſe DFB | 
4 fb are ſimilar Triangles, BD: h:: DF: df; 
but it has been already ſhewn that „ 
as A Dd to A 44. Wherefore BD is . 
4D to A 44. ; 

Thirdly, if B D be ſappos d to be drawn: ac- | 
cording: to any other certain Law, (for inſtance 
converging toward the Center; :)ſince BD, bd ate 
as near as may be to the Point A, the Angles B, U 
will be equal; and conſequently, in that caſe, 
Bd: bd:: (DF: f ::) AA: 44 Which 
was to be demonſtrated. 

SCHO LIU M. 3 | 

"This is true likewiſe in any other Curve, to 
which a Circle equi- curve may be drawn; uch 
as all the Conic Sections are. For the Points 


„ „ A 2 2 »tH 


be in that other Curve, as well as in the Circle, 


ſequently 
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*%y ently the Properties of B P, h d, which a- 

4 N — to th Circle, agree likewiſe to this Curve, 

to which the Circle is equi-curve. And ſince . 
che foregoing Propoſition is true of all Cir- 

Jes, it muſt likewiſe be true of all Curves, 
chat can have equi-curve Circles drawn to 
them. N 8 13-4608 


| 5 PROPOSITION XXV. 
| Oldies deſcribing different Circles with an equable 
| B Motion, are acted upon by Centripetal Forces 
tending to the Centers of thoſe Circles. And the For- 
ces are to one another as the Squares of the Arcs, de- 
( [cribed in the ſame time, applied to the Radii of the 
= Circles. This likewiſe iñ true of the Centrifugal For- 
ces of the Bodies thus moved. | 
= Becauſe the Bodies, by their Vis inſita alone, 
=# would deſcribe Tangents, tis evident that they 
2 aredrawn off from their Rectilineal Motion, and 
3 retain'd in Circular Orbits by Forces tending 
to Points within the Circles. But ſince, by 
ſuppoſition, they are carried in the Circumfe- 
rences by an equable Motion; the Areas de- 
ſcribed by a Radius drawn to the Centers are 
equally augmented; and therefore are propor- 
tional to the time which flows equably; and 
conſequently theſe Forces, by Prop. xii. tend to 
the ſaid Centers. FRE 
Let the Bodies M and 7 | Fig. 27.] reyolving 
in the Circumferences of the Circles MA, TR, 
deſcribe the infinitely ſmall Arcs MF, T D; 
From their extremities F, D, draw the Right 
lines FE, DC as far as the Tangents, eicher pa- 
tallel to S A, S , or diverging from S: (For it 
comes to the ſame, ſince M F, T D are only na- 
ſcent Arcs.) Theſe Right lines are the effects 
| of the accelerating Centripetal Forces; arid 
| | con- 


eee eee 


„enen 


0 are 


—_ 


and M were ſhewn to be proportional to C P, A d 


to And, (becauſe the Motion in both 


deſcrib'd at the ſame time. Wherefore the Cen- 


conſequently proportional to them, as their a- 3 


dequate Cauſes; that is the Centripetal Force of 4 
the Body M is to the Centripetal Force of the n 
Body, as EF to CD. Make the Fig. GH ſimilar FF .. 
to the Fig. TC D; wherefore G H will be a na- 
ſcent Right line: And ſo C D is to G E, as the 
Arc T D, to the Arc M H. And, by the præceed. 
G H is to E F as MA Hd to MF d: And therefore, 
er equo, C D is to ET, as (TDx NMH to 
MH XM Fd; that is, as TDM MH to MF, 
or as) TDX MHXST to M FAXK ST. And 
ſince TCD, MGH are ſimilar Figures, the Arcs 
T D, M H are ſimilar ; that is, ST: S M:: 1D: 
MH. Wherefore M Hx STI DSM. Then Mr 
by Subſtitution, C D: EF :: (T DAX SMA: n 
FTE 
* 4 42 I 5 71 We [8 7 1 4 
But the Centripetal Forces of the Bodies 7 Mr 


Cl 
n 


82 


F 


* 

N 

1 
: 

k | 


E F. Therefore the Centripetal Force of the bu 
Body revolving in TR, is to the Centripetal Mib 

d 3 | . 7 4 4 Daa ac 
Force of the Body revolving in. M A, as —— "a. 


ST NN 
MFA 


D 
day 4 
n 


"n 
** 


is equable) 7D and M F, being deſcrib'd at the | 
ſame time, have the ſame ratio with any others 


tripetal Force of a Body revolving in T R, is to 
the Centripetal Force of a Body revolving in 
M1 A, as the Square of an Arc ſefcribed in any 
time in I R applied to the Radius $7, is to the 
Square of an Arc deſcribed in the ſame time in 
MA applied to the Radius S 4. 

Ik che abovementioned Bodies be imagined 
to be tied to S, by two Strings, and kept revol- 


* W 
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. og in the Circles by the help of them; the 
ne Force, whereby the String is Rtretched, 
„ Paſider'd as it is in the String pulling the Body 

* call'd the Centriperal Force, but conſidered 
i it is in the Body ſtretching the String, may 


call d the Centrifugal Force: And conſe- 


d. ently ali that has been ſaid concerning the 
©, Hentripetal Force, is true alſo of the Centri- 
0 sa Force. Which was to be demonſtrated. 
F COROLLARY I __ 


From hence it follows, that if a Body ſhould 
let fall towards the Center, being acted upon 
the Centripetal Force, that kept it in the 
rele; ſo as that this Force be neither augment- 
nor diminiſhed in its deſcent, but continue the 
Noe, and to the firſt impulſe continually ſuper- 
aa new one equal to it, (which is the Galilean 
7 potheſis of Gravity:) In the time that the 
), d Body deſcripes an Arc in the Circle, it 
1 Puld, in its deſcent towards the Center, de- 
al Mibe a . Per equal to that which is pro- 
1 ed by the Square of that Arc applied to the 
F meter of the Circle. For by this Prop. tis 
ent it is done in the very beginning of the 
th ; and in the preſent Hypotheſis of deſcent, 
e Spaces run are in the duplicate Ratio of the 

mes; and ſince the Circle is equably deſcri- 
0, the Squares of the Arcs deſcribed are alſo in 
E duplicate Ratio of the Times of deſcrip- 


I 
1- 


tO . | 
in n: Now the application of theſe Squares, to 
| Diameter of the Circle, being a conſtant 
Y Wuancicy, does nor alter the Ratio. Conſe- 


ently it holds” 1 8 So that in this 
potheſis of an uniform Centripetal Force, a 
dy would in half the Time that it deſcribes 
Arc of a Circle in, deſcend the length of a 
6. equal to that — by the „ 

0 


being equable, the ratio of the Velocities will 


„% 
1 rn — 
* 1 N > 
* 2 * 


1 
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of the Square of half that Arc to the Diameter 
of the Circle; namely, the ſubquadruple of 
the Right-line, it wou deſcend in double the 
bie in which ie deſcribes the incire circy 


. 1 
e COROLLARY 2, 3 

From hence likewiſe it follows, that the cen 
tripetal Forces of Bodies, deſcribing differen 
Circles by an equable Motion, are in a ratic 


6 of us 4 


compounded of the duplicate ratio of the Velo] 


Rack inverſe and of the ſimple ratio of thi 


D 


adii inverſely. For the Motion in any Gircl 


be the ſame with that of the Arcs deſcribed ii 
the ſame time; that is, of the Spaces run in th 
{ame time: But (by this. Propoſition) the centi 
was Forces ate in a ratio compounded of thi 

uplicate ratio of the Arcs deſcribed at the ſam 
time directly, and of the ſimple ratio of th 
Radii 3 : Wherefore the ratio of theſ re 

orces is compounded of the duplicate ratio d 


the Velocities dir ectly, and of the ſimple rati 


( 


of the Radii inverſely. 

©  ProrostTION XXVII., 

TH. ſume. things being ſuppoſed, 1 ſay that tg 

'Þ& centripetal Forces are reci wy as the Squani 
e Periodic Times applied to the radii of the Circle - 

W 


% , 
7 1 , : . 
— 
9 4 


% J 


or that they are in a ratio compounded of the ſim) 
ratio of the Radii directiy, and of the duplicate rat 
of the Periodic Times inverſely. The ſame alſo is 
of the centrifugal Forces o the Bodies. BP 
Let the centripetal Force of one of the Bodie 
moving in one of the Circles, be call d V, in thi 


| x 
other v; the Celerity in one Circle C, in tho 
other e; the Arcs at the ſame time deſcribed in 

e 


the firſt Circle 4, in the ſecond 2; the Radius 


* Ol 
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Diſtance of che Body from the center, in the 
Wt Circle D, in the ſecond 43: the. Periodis! 
ne in the firſt Circle 7, in the ſecond :. | 
Tis well known, that in comparing the mo- 
ns of Bodies together, the Spaces run are ig 

compound ratio of their Times and Celeri- 
s directly. But the Radii of the Circles are 
ppo:tionalto the intire Circumferences, which 
the Spaces run in the Periodic Times. And' 
refore. Didi; CX T. cnt, ſo that Cx TNA 
* Y: therefore C XT x 4* e 51 


174 
2 


Therefore, l jd D*x 4*, 2 * 28 8 | 

? * "Y 7 C Rt 

75 8 7 55 5 75 But; 
C2? c? 


ann 3 Vro:: N 97 And 


MET 
ie #7; 181 . 
n 7 D* 


is che '{anie with has of 2D to T 4j or | 


c 2 to-, and b to d. Therefore the ratio of 
2 PE is equal to the ratio of 3* to 7 *, and of 
t ( J 

4 What has been ſaid of the Centriperal Forces 

wo Bodies ei about a Center, is true 

i cheir Centrifugal Forces; ſince they diffet 

rin the mayner of conception; as was 

/ wn in n the foregoing Propoſition.” 2 E. D. 


tx; ++COROLLA RT I. 


'rom 1 (and from Corol. eProp preced ) 
ollows, that if the Periodic Times are equal, 
n, as well the centripetal Forces, as the Velo- 
es, W will be as the Rad; ald vice 22 
E 2 - or 


But the ratio of to to 
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77 — N Dee? — - | 


= if 1 =; or T. N Libet wil Viv: uy: 1% 
And vice verſa,” if 7 vs D: 4, ſince /: v mM 
Dt: 47, then P: 4:: DH: 7*:; and conſe. 4 
ently Tm; or 7. * The ſetond part oeh 
che. Corollary appears from hence. In the com. 
parifon' of Motions, the Velocities are as hl 

aces run in the ſame Time. But, becaulal 
the Periodic Times are equal, the Spaces run in 
the Tame time are the Circumferences of ce 
Circles ;' bur they are as their Radii. Conf; 
quehtly the Velocities are as the Radii. Tb 
conxyerſe of this Propoſition i is drawn after the 


* 


ſame manner. * | W 


W ws 


— 
—_ WO ; a © a « 
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Hence alſo it follows, that if the Squares + 
the Periodic Times are as the Radii, the cent 
petal Forces are equal, and the Velocities 1 
in the ſubduplicate ratio of the Radii; and 1 


verſa.” For from this Prop. — af; 7 5 n 13 


by ſuppoſition, | T 22 D: d, or Dx: 2 


ar Therefore / and v, proportional | . 
them, or the centripetal Forces themſelves, aj 


0 


equal. And vice verſa, if Ve =V, the Oey 4 
proportional to them will likewiſe be equi 4. 
namely, DH dx T* : And therefore D-. 4 4 
iin like * becauſe by Cor. 2. 5 
the preceding Prop. W and in t 0 
preſent caſe, = v, chen C* xD will be equal FE 
e D, or C ; that is, C:c::vl 

d. The WE. 47 of thy is drawn after 7 


ſame manner as that of the former. | 
cor 


ock I. f AsTRONOMY. 33 


1 
1 -. +COROLLTART- 3: 
„If the Circles deſctibed are equal, che centri- 
re- 
detal Forces are reciprocally as the Squares of 


% he Periodic Times: For the ratio of the Radii, 
v In this caſe, being that of ahn, makes 1 no 
6 Wlccration in the compoſition... - * 


c cih 
om 3 


PROPOSITION XXVII. 
HE ſame things being ſuppoſed, if the Bodies 


| chal revolve in ſuch" a manner," as to have the 
aue quares of the Periodic Times as the Cubes of the Ra- 
n in; „ then the Centripetal Forces are reciprocally as the 
hel WS 7uares of the Radii: And the Celerities of the Bodies 
ml re reciprocally. o the * "Roots. of the Radii 3, and 


ice verſa. 
Retaining the Character: uſed i in the former 


4 ropoſition, tis evident from it, that V;: * ＋ 
= 51 1 
:p. From whence ir follows, that = "ag 


- — or V7*d=vrD. And therefore Dv: 
2. 1575 . And by ſuppoſition, D3:23:: 
therefore Dv: C:: D;: 43, Conſe- 
* Pin D d = 4 or vd =YD*, 
And therefore /: v:: de; 
Again, in the 8 of the foreg 50. 
18 ing Propoſition, it-was ſhewn that C* X Ti * 
* d =c* x.1*xD*, Wherefore * x Di; C? x 
89 Ch 12 T5: 4. But by ſuppoſition, D;: 43.23 Ta: 
W:*. Therefore Ar: Nur n 45. 
And ſo c v0 3 D: 4 (or by extracting the 
Square: root, and i inverting t the Proportion) C: c:: 


27: D*: that is, C: c: * * | Which were 
to be Jernonſtrated:: 


The Converſes of theſe nre-evident. Foy as 
wu the parting T*: t*::Dizg 3; it followsthat 
T7 D and that C: a+ * p; ſo 

E 3 con- 


i 
iÞ 
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converſely, from the ſuppoſition of any oned 

. theſe, you may retutn to the former Proport 

on, viz. Lt :: D3: 43; and from hene 

Again to the other Concluſion. And conſt . 

quently any one of theſe three being ſuppoſel 

the other two will follow. . 14 

SC HOLIUM. * 

The three preceding Propoſitions (and thei 

Corollaries) are true, not only of Bodies revo d 

Ving in concentric Circles, but of fuch alſo ** 

deſcribe Circles whoſe Centers are intirely di 

ferent, (for the identity of Centers was not ſup + 
poſed in the Demonſtration ;) and of thoſe thi” 

| deſcribe ſimilar parts of any Figures, havin; $5 

I! "their! Centers ſimilarly poſited. For what wa . 

aſſumed in the Dermontitaticn of theſe Theo 

_rems in Circles, are equally true of all othe 


2 
a 
1 . 


42 Figures like thoſe we but juſt now deſcribed © 
i" namely, that the paſcent lineola GH (in Fi? 
i 27.) is to the naſcent lineola EF, as MP." 
i to MF4 (for this is demonſtrated of any Figuſ R 
'2 that a Circle is equicurve to, in Prop. 24.) an 5 
| that MHis to TD as SM to ST, is true of a h 
4 Jimilar Figures ; provided the Center & be ſim e. 
4 larly poſited in both Figures, and MH, T D, 8" 
. milar, and ſimilarly poſited parts of thoſe Curvy o 
| E ve pect of the Center. Andinſtead of ant 
'8 quable Motion in Circles, if the Figure be dim 


kerent from a Circle, the Motion of the Bod 
= In the Perimeter of it, muſt be ſuch, as that th 
1 | YH Areas deſcribed, by rays drawn to their Centei 
ſimilarly poſited, be proportional to the Time 

otherwiſe (by Prop. 12.) the Forces, whereby thi 


Bodies are drawn aſide from their Rectilinei © 
0 Motion, and kept in their Curvilineal, Orbity bs 
|; do not ſo much as tend to thoſe Centers, 4 
al 

ö 3 

| 9 


 PRroPosITION XXVIII. 
þ HE Forces, whereby the Primary Planets. are 
|; Li. ly retracted from their Rectilineal Mo- 
ont, and retained in their Orbits, are reciprocally as 
be Squares: of their Diſtances from the Center of the 
an, which they reſpect. Led wt, 
= Thar. theſe Forces reſpe& the Center of the 


ha Sun, has been ſhewn in Prop, 13. But that the 
oa of cheſe Forces is ſuch, as that they are re- 
a; &iprocally as the Squares of their Diſtances from 
ſup he Center, or that they increaſe. as the Squares 
ch. f the diſtance decreaſes, and decreaſe as the 
rin Nauares of the diſtance increaſes : As for in- 
wy ance, that the Forge whereby the Earth is made 
heb, 0 tend towards the Sun, | is retained perpe- 
the ö ually in its Orbit, ſo as not to fly off in a Tan- 
e Nent to it, is to the like Force in Mars, as 5 t 
, . £9 that in Jupiter as 27 to I; becauſe the di- 
4% ance of the Earth from the Sun, is to the di- 
tance of Mars from the ſame, as 2 to 3, and 


co the diſtance of Jupiter, as 5 to 26 ; and that 


an? , 
an he Centripetal Force in the Earth is but half 
im, chat in Venus, becauſe the Earth's diſtance 
from the Sun is to the diſtance of Venus as 10 to 
2 


7 ; and ſo on in the others, is thus demonſtra- 
ted. The Motion of the Planets revolving a- 
bout the Sun, and tending towards it as a Cen- 
ter, is ſuch, as that the Squares of the Pe- 
WF -riodic Times are as the Cubes of the diſtances 
from the Sun, by Prop. 22. Now by the pre- 
= ceding Prop. the Centripetal Forces of Bodies 
= revolving according to this Law, are recipro- 
W cally as the Squares of their diſtances from the 
Center: Conſequently tis evident that the For- 
ces reſpecting the Sun, by which the Planets are 
d cded upon, and retain'd in their Orbits, are re- 
od E 4 . Cipro- 


— — . > — = = 
— —— — —— — — UHB—”):k oo o — — =? — 
* 7 ? - "IE "A l * * * 7 A 
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the Center of the Sun. 


ſtances from their Center: Tis evident that the 1 f 


whole accelerating Force whereby the Primary) 


cauſe it is ſolitary, it has no other Secondary 
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ciprocally as,the Squares of their diſtance bon 


* eee XXIX. 


N N - Forces: whereby the ee planer; an. 4 0 
Al retained in their Orbits, are 1 as th: Net 
wares of their Diſt ances from the Center of then oil 

70 22 Primary, to which theſe Forces tend. 4 
For ſince (by Prop. 21.) the Motion of che 2 
Circiini:Jovials revolving about Jupiter, an 
Circum-Saturnjals revolving* about Saturn, 8. 1 a 
ſuch; as'to — * the Squares df the Periodie * 

Times i in the fame ratio with the Cubes of che 
Diſtances from the Center of Jupiter and Sa. . 
turn reſpectively; and ſince (by Prop. 2309 the 5 
Centtiperal Forces of Bodies revolving by 5 Pr 
Law are reciprocally'as the Squares of their Di. 


Centripetal Forces, whereby the Secondary Pla. pr 
nets are reſpeRively urged towards Jupiter and 
Saturn, are reciprocally as the Squares of their 
Diſtances from the Center of their reſpeaivei er 
Primary Planet. 2 

But this Force in any Seevtidary Planer i is on. the 
ly one part of the whole Force, whereby the . 
Satelles is urged; and the other Force is the 


is 7 d; as has been ſhewn in Prop. 20. 
AS for che Moon, the Earth's attendant, be. 


to be compared withal, as to Diſtance and Pe- 
riodic Times. So that the Law of its Centri- 
etal Force, whereby it is urged towards the 
Fart can't be deduced after this manner. Vet 
ereafter you will find it drawh from the Figure 
of the Orbit that the Moon deſcribes abour the { 
Farſh ; 3 which hitherro we have conſidered & | 
20 
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m ot differing ſenſibly from a Circle. But if it 
Feally were a Circle concentric to the Earth, 
ne Law of the Forces whereby it is retained in 
es Orbit, could not be from hence diſcovered: 
or ſuch an Orbit may be deſcribed by a Body, 


271 
h er che Law of the Centripetal Force be what it 
c& vill, e ̃ 
I EL 5 
he Ic follows from theſe two Propoſitions, that 


n mong the Primary Planets, that neareſt the 
i Pun, and among the Secondary, that next the 
lie eſpective Primary, moves faſteſt. For it has 
eit een demonſtrated, that in both of them, their 
5a Tentripetal Forces are reciprocally as the Squares 
he f their Diſtances from their Center: And in 


a Prop. 27. it was demonſtrated that the Celerities 
Yi: In this caſe are reciprocally as the Square Roots 


he pf their Diſtances from the Center of Motion; 
la. r that a mean proportional between the Di- 
nd I tances of that-which was nearer, and that which 

Voas more remote, is to the diſtance of the near- 


eity of the more remote. And ſince the firſt of 
n. Wheſe Quantities is greater than the ſecond, the 
Fhird will be greater than the fourth; that is, 
he ehe Velocity of the nearer is greater than the 
Velocity of the more remote. | 


et 3 Secri- 
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14 


2 1 


Of the Motion of the Primary Planets abou 


their proper Axes, and of the Phænomem e 
thence ariſing. | "= 


: hr / 
of „ % ; 
Ws : 


» 7 Pm = 
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4678 PROPOSITION XXX. >: 
. * explain the Motion of the Celeſtial Bod 
- about their proper Axes, given in Poſition, an, 
#he' Revolutions of them. a * 

When we ſay a Body is not moved, we me 
by it, that every line, and every point in it, «7 
at reſt. But if we ſay a Body is moved along u 
a line, without any other Motion, we intend u es 
ſignify, that the Center of Gravity of the Bod er 
dleſcribes that line, while the parts of the Bod) h, 
in reſpect of the whole, remain at reſt; that i dy 
every line in that Body retains a ſituation paral N 
to that it had before it was moved; and conſe n 


quentl every line in the Body thus moved, 11 b. 


C 
, ie 


mains always parallel to it ſelf. For after this mam re 
mer, and this manner only, will it happen, th Mn 
the Sum of all the Motions will be the leaſt, (th Mui 
is, the motion of the whole the leaſt, as is ſupp r. by 
ſed) and that any point of the Body thus movei « 
pa 

alſ 


> . + 
is as much moved as any other, and deſcribes 
e 


line ſimilar and equal, and only differing i 
ſituation : For the line deſcrib'd by the Centeſ 
of Gravity, is ſuppos'd to be deſcribed by ck 
Body it ſelf, from the known nature of a Cente wi 
of Gravity. 2 
If a Body be ſaid to be moved about a give 
Axe, being in other reſpects not moved, th py 
Axe is ſuppos d to be unmov d, and every poink the 
* | ou 


. a. 

"5 
AP 
. 

N 


ut of it to deſcribe a Circle, to whoſe Plane 
ne Axis is perpendicular. And for that reaſon, 
If a Body be carried along a line, and at the 
ame time be revolved about a given Axe; the 
re, in all the time of the Body's motion, will 
Woncinue parallel to it ſelf. Nor is any thing elſe 
Wequired tc preſerve this Paralleliſm, than that 
o other Motion beſides theſe two be impreſſed 
pon the Body; for if there be no other third 
Motion in it, its Axe will continue always pa- 
allel to the Right-line, to which it was once 
Parallel. * | | 


05/8 hat the Sun, the only Body- of its kind, in our 
i Syſtem, ' revolves from Weſt to Eaſt about an 
alli Are, inclin'd to the Plane of the Ecliptic, in 
nl hn Angle of about 87+ Degrees, in the ſpace of 
re Wbour 25 Days. And fince the Sun has no pro- 
a remve Motion, its Axis continues unmoved. 
ch. mong the Primary Planets, the Earth revolves 
th With an equable Motion, from Weſt to Eaft, 

bout an Axe, inclin'd to the Plane of the 
vel cliptic, in an Angle of 66+ Degrees, in the 
es pace of a natural Day. And ſince the Earth 


42 
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(by which alone each line in it would be alway 


turn always the ſame Face to the Earth. I 
Mee are not ſo certain yet of the other Planet 3 
both Primary and Secondary, from Obſei 


N 0 deſcribe the Figure of the Sun and Plant 1 


Motion about their Axes, they would put on ;- 
Spherical Figure; ſuppoſing. their parts like th 
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to ſenſe, during one Revolution, yet after ſev." 
ral, it changes this Site. Of the Cauſes and 
ee whereof, we ſhall ſpeak in a prope 
1 After the ſamg manner Jupiter is revolved 
from Weſt co Eaft, about an Axe in the ſpace of 
about 10 Hours; Mars in 244 Hours, and Ve. 
nus in 23 Hours, about their Axes ; every om 
of which therefore continues always paralle! oy" 
itſelf, if theſe Bodies are not moved by an 
other kind of Motion beſide their Revoluti 
on about the Sun, and Circumrotation' abou 
their own. Axes. - © „ 

Among the Secondary Planets, the Moor 
the Earth's attendant, beſides its monthly Mo 
tion about the Earth, and annual about the Su. 


parallel to its ſelf,) it likewiſe revolves abo p 


itſelf in the ſame ſpace of a Month, ſo as wal a 


vations. Notwithſtanding, tis probable chang a 


they, like the former, revolve about a certa 


Axe; for this reaſon, that every part of then + 


may be brought under, or removed from, th . 


Rays of the Sun, more than once in one Revo e 


lution about the Sun, and may undergo Change 15 
and Viciſſitudes ſuitable to their Nature. he 
PrxoPosITION XXXI. its 


revobving about their own Axes. 4 
If the Sun and Planets were deprived of a 15 


partz ef the Earth, to gravitate towards their Ceri ©- 


| 
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Er, (ſuch as really they are, as we ſhall afterwards 


pe Iemonſtrate,) and either are now or were for- 
ierly fluid. This is demonſtrated by Archimedes 
ed Þ Hydroſtarics, From a Motion about their Axes, 
comes to paß, that their Parts receding from 
ie Axis as much as they can, endeavour to 


end about the Circle chat lies betwixt the 
vo Poles, by a Centrifugal Force ariſing from 
heir circular Motion. And therefore if the 
latter of the Sun or Planet be fluid, it will in- 
ceaſe the Diameters of that middle Circle be- 
wveen the two Poles, by its aſcent; and leſſen 
Ihe Axe towards the Poles by its deſcent, and 
Wonſequently conſtitute an oblate Spheroid, ge- 
ug, Perated by the rotation of an Ellipſe about its 
m efler Axe; being depreſſed towards the Poles, 
ou nd elevated towards the Circle that lies ex- 
. (ly between the Poles, more or leſs according 
o the quantityiof the Centrifugal Force. This 
Ppheroidical i Figure is obſerved in Jupiter by 


zei ö 5 
ſen he help of a Teleſcope ; and is proved to be in 
tha the Earth by Experiments, (ſince we can take a 
ta PNiew of her at a diſtance.) | 


ben SCHOLIUM. * 

cd As this Spheroidical Figure follows upon the 

o, rotation of the Body about its own Axis, the 

age kluidity of its Parts; ſo, on the contrary, from 
chis obſerved Figure, we may juſtly infer its Mo- 

tion about its Axis, and the (former) fluidity of 

its Parts. 7 


PO OSöLTIOR XXII 


* 
nei 
# l * 


c if J [ O explain the Phenomena ariſing fom the Di- 
on 1 l Motion of the Earth about its Axis, ſeen 


from the Earth. Jas 
den In the foregoing Propoſitions I have ſhewn, 
e. What would be the Phenomena of the * 


then 


of the Sun and Planets ſeen from the Earth, ii 
the Earth were a Point; as that the Sun would | g 
ſeem to move among the Fixt Stars from Weſt 
to Eaſt; that the Planets would ſometimes en 
to go forwards, at another time backward, ac. 
cording to the ſituarion of the Sun and each 7 Fl 
Planet. Bur ſince the Earth is an opake Body, r 
and large enough, in reſpect of the Obſerver," 
that ſmall part of its Surface, tho' Spherical, ill 
which comes at the ſame time under his bi 
confin'd view, will ſeem to be extended like a 8 
Plane. And che Eye taking a view of the Hea. * 
vens all around itſelf; definesa concave ſpherical 
Superficies, concentric to tſie Earth, or rather pc 
to the Eye; which the abovemention'd Plane 
of the Earth! s Superficies, becauſe drawn thro 1 
the Center, will divide into two equal Parts, 
one of which will be viſible, but the other, by 
reaſon of the Earth's Opacity, will lie conceal'd. 
Becauſe the Earth moves upon its own Axis, i 
the Spectator ſtanding upon it, together with 
the ſaid Plane he ſtands upon, call'd his Horizon; T 
dividing the viſible fromthe inviſible Hemiſphene 8 
of the Heavens, is carried round the ſame way, 
viz. to the Eaſt. From whence it is, that Ob- * 
jects ſituated towards the Eaft, and inviſible; | 
become viſible, the Horizon ſinking as it were 
below them; and Objects ſituated towards the 
Weſt, are hid and become inviſible, the Hori: 
Zon being elevated above them. And the for- 7 
mer Objects therefore will appear to the Spe · 
ctator, who ufually reckons the Place he ſtand Wi 
in, to be immoveable, to aſcend above the Ho- . 
rizon or rife; the latter to deſcend below the 
Horizon or ſet. 3 
Sinee che Earth and the Horizon of the Spe- F 
ator: fix'd to it, continues to move always . 2 
Wards 1 
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rds the ſame Quarter and about the ſame 
Wxis equably; all Bodies, and all Appearances 
War don't partake of that Motion (that is, all 
"ch things as are entirely ſeparate from the 
.M arth) will ſeem to move in the like time uni- 
my, but towards the oppoſite parts, wiz. 
m Eaſt to Weſt, excepting ſuch things as the 
Marth's Axis produced will meet withal, the 
in appear at reſt. And every one of theſe 
n bpjects according to Senſe, will deſcribe the 
2 rcumference of a Circle, to whoſe Plane the 
a. Iris of the Earth is perpendicular at the Cen- 
a . And becauſe all theſe Circles, together 
ch che viſible Objects deſcribing them, ap- 
War to be in the concave Spherical Superficies 
che Heavens, concentric to the Earth; eve- 
IF viſible Object will ſeem to deſcribe a greater 
by leſſer Circle, according to its greater or leſ- 
diſtance from the Points above deſcribed, 
. at ſeem at reſt, In ſhort, the Celeſtial Sphere 


50 f Will ſeem to be moved from Eaſt to Weſt, in 
„ e Space of a Day; about the ſame Axe in 
90 ſition, about which the Earth really moves 


chat time from Weſt to Eaſt: And thoſe Points 
b. ill be the Poles of this Motion, in which the 
is of the Earth produced meets with its Super- 


it, ies; and that will be the middle Circle betwixt 
che e Poles, and conſequently the greateſt, (call d 
ri; e £quinoftial and Equator, for reaſons to be 
= xplaind. in the next Propoſition,) where the 
de. ane of that Circle of the Earth, which lies 
: ly between the Poles, being produced, 
10. Peet the concave Sphere. And univerfally, 
che Circle on the Surface of the Earth, mark d 


any Point of it, in the diurnal Motion of the 
pe- Fartb, has a correſpondent Circle in the Cele- 
to- al Sphere, made by the interſection of the 
rds Surface 

9 


va LY 
_ "= 
© 


tend by every Star that is above its Horizon 


it will Riſe and cauſe Day, in reſpect of a given 
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Surface of the Celeſtial Sphere with the Super W*« 
ficies of a Cone, whoſe Baſe is a Circle marke 
on the Earth, and Vertex the Center of the 
Earth. The Axis of the World, and the above, 
mention d Celeſtial Circles, have always the 
ſame ſituation among the Fix'd Stars; becauſe 
their primitive Terreſtrial ones, from whenc:l 
they have their original, produced fo far, fall 
upon the ſame Stars, as to Senſe, in what Poin 
ſoever of its Orbit the Earth be placed. 


PRO POSITION XXXIII. * 

O explain the Phanomena of the Sun ſeen fra 

the Earth, ariſing from the Diurnal Motion of 

the Earth about its Axis, in conjunction with its An 
nual Motion about the Sun; that is, to explain til 
changes 1 Day and Night, and their variety in diff 
ferent Places, and different Seaſons of the Year. 3 
Tho' each place of the Earth be inligh, 


yet the illumination of the Sun being fo ver 
great above all others, its being above the Hori 4 


zon alone is called Day; and its abode below th 
Horizon is called Night : And becauſe the Sui 
is intirely ſeparate and remote from the Earth 
and ſo does not partake of its Diurnal Motion 


b 


ace; and being carried thro the midſt of th: 
eavens, deſcribing a Circle to appearance, ha. 
ving the Axis of the World perpendicular to its 
Plane, will at laſt Set again; making the Night 
to continue, till by the apparent'univerſal Revo 
lution of all che Celeſtial Bodies, it come up # 
gain above the Horizon of the ſaid Place. 
To explain the variety of the Days and Nights 
and the Seaſons of the Year thence ariſing, ima . 
gine the Circle VS Fig. 28.] to r 1 | 
chef 


: 5 
1 


Sq 
7 
5 R 
n 

W. 


obi deſerib'd by che Earth, in a Year, 


w out che Surt plac d in the Center a The 
che ir cle in t 1 Scheme is. deſignedh "Feeliy ed, 
ol d made to appear in, the for m of ah. Ellipſe, 
che mare | commodious' delineation of the 
ul. rious Poſitions of the Earth. 


In this Orbiß, let the Earth 4. B E be ſup- 
ed to be carried aftet the manner deſcribed 
Prop. 30. from V, &, to H, c. revolving at 
e ſame time about its own Axis B A, towards 
ſame quarter, or from S upwards towards E. 
ee. eextremities of the Axis of the Earth will be 
& Poles; A the Southern Pole, and B the 
rthern: E & the Equator, whoſe Plane is 
„lin d to the Plane of the Echptic, by an An- 
of 2;+ Degrees; wiz. the Complement of 
+ Degrees to a right Angle, by which che 
is of the Earth (perpendicular to the Plane 
oh che Equator) is inclin'd to it. 
42 BE fepreſents the Earth, ſo it may 


9 imagin'd to repreſent the Celeſtial Sphere, 
on ſerib d in the preced. Prop.) concentric to the 


3 4 
TP 


+ th, and ſurrounding it as it were, and car- 
Sun along with it; for this Sphere may be de- 

od at any diſtance. And che Place of the 
or any Star or Celeſtial Point in this Sphere, 
be chere, where a Right line joining the 
Enter of the Earth and the ſaid Point, meets 
Surface, for therę the Eye plac'd in the Cen- 


1 of the Earth refers it. 
ener che Earth be ſuppos d to be at , where 
ki ight line S , joining the Sun and Earth's 


em, is perpendicular to the Axis of the Earth 
©, that is, where the Sun appears in the Plane 
che Earth's Equator produced, or where be- 
ſeen from the Earth, it appears in the Zqui- 
ual Circle, marked in the Celeſtial Sphere; 
é F "Rt 


ima; 
ſent 
the 


Ir 
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and conſequently declines neither to the Norte 
e South but ſeems, to deſcribe, in 
its diurnal Motion, the Equinodtial it fell. 
The Sun always ſeems to be in the Plane oi; 
the Ecliptic, (as was ſhewn in Prop. 2.) it wil il 
therefore appear to be in the common interſe, i 
ction of the Circles of the Ecliptic and Æqua. nd 
tor deſcribed in the Celeſtial Sphere; name ill 
in V. Now in this Situation, the illumination War 
of the Earth, made by the Sun, reaches both the + 
Poles A and B; (becauſe the Boundary or CirckWar 
of illumination is a great Circle on che Earth, A phi 
to whoſe Plane, the Right line joining the Cen Me 
ters of the Sun and Farth, is perpendicula en 
conſequently half the Terreſtrial Equator E & * al! 
or any other Circle parallel to it, is illuminateſ 
by the Sun, while the other half continues ii 
darkneſs. And therefore every Plane of thi 
Earth being carried round by the equable diur 
nal Motion, will be as long in darkneſs as it wa 
in the light, that is, the Day, all over the Earth 
will then be equal to the Night. From when 
the Circle that the Sun then deſcribes by its Di 
urnal Motion, lying between the two Poles i 
a Celeſtial Sphere, is called the Æquinocti 
Circle. | 
The Earth moving a little forwarder towar( 
m and 7 in its Annual Motion, has the Plant 
of its Equator E © no longer directed toward 
the Sun; but ſubliding below it towards thi 
South: From whence the Sun ſeems by little an 
little to decline from the Celeſtial Equator, tc 
wards the North Pole. For the Earth bein 
at reſt to all appearance, its Equator muſt lik 
wiſe be apparently at reſt. Conſequently th 
Celeſtial Equator correſponding to it, is move 
only by the apparent Diurnal one: And hel wa 
Oer 


li 
ev 
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re the Sun, Which changes its Situation to it, 
in ſeem to move. And the light of the Sun, 
nich before reached to both Poles, 4 and B, 
in by degrees be ſpread beyond B, and fall 
Port of 4. But when the Earth arrives at 
Id the Sun hereupon appears in S, where it 
ill ſeem to have its greateſt declination North- 
Ward, (equal to the inclination of the Ecliptic 
che Equator,) and will afterwards return to- 
Wards the Ecliptic. The Circle in the Celeſtial 
here parallel to the Equator, and expreſs'd by 
WC, to which the Sun in its North declination 
ems to have arriv'd, and deſcribe by its Diur- 
Motion at that time, is call'd the Tropie of 
cer; borrowing its name from the Sign of the 
liptic the Sun is then in; with which nam 
gewiſe the correſpondent Circle on the Facth 
call d. The Earth being in this Situation, 
evident that the rays of the Sun, inlightening 
If of it, will reach beyond the North Pole B, 
L, and ſtop ſhort on this fide the South Pole 
at F, ſo as that the Arc BL or AF, is equal 

s the Arc E; the meaſure of the Sun's greate 
clination, or of the Inclination of the Ecliptic 
the Equator. If Circles be imagined to be 
arawn thro L and F, parallel to the Equator 
lan 2, (namely RL, FG,) they will be the Polar 
rarircles ; the one the Arctic, and the other the 
erde. Theſe things being ſuppos'd, tis 
au hin that all that Tract of the Earth, which is 
toeluded in the Arctic Polar Circle / L, notwith- 
cinnding the Diurnal revolution, is all the while 
ightened, and injoys therefore a continual 
y tony ; and on the contrary, that all within the 
10v0mpaſs of the Antarctic Circle FG, have: ON- 
heroual Night or Darkneſs covering it. Iis füt- 
er evident (from Prop. 19. Book 2. of N 
F 2 2 5 
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of Theodoſiur,) that the greater part of any Cir- 
cle, parallel to the Equator EN, lying between 
it and the Arctic Circle K L, is inlightened; the 
greater part of any one lying between the E. 
quator and the Antarctic Circle FG, is in dark. 
neſs; and that ſo much the more (by Prop. 20. df 
that Book) as the Circle is farther diſtant fron 
the Equator; and (by Prop 11 Book 1.) one hal 
of the Equator is always in darkneſs, and the 
Ther half always inlightened. And -therefort 
in that Situation of the Earth, wherein the Sun 
Appears in S, to the Inhabitants of the Northen 
pits of the Earth, the Days are longeſt, and 
Ni hes ſhorteſt; conſequently it is Summer: 
But to the Inhabitants of the Southern part, the A, 
- Dn $ are ſhorteſt, and Nights longeſt, conſe. 
quently” tis Winter. And theſe longeſt Day 
are ſo much the longer, and ſhorteſt Nights HI. 
Tech the ſhotter, according as the Place is mor 
Diſtance from the Equator : But to ſuch as inhs 
it che Equator, the Days and Nights are fiil 
qual;"and conſequently are ſo all the YearlonM.__ 
Ihe Earth going forward thro' 2, , to 
Yuring which time, the Sun ſeems to move thr) 
the Signs S, &, and m, the Sun returns'towarl 
ne Equator; till at laſt at A, the Sun appear 
In tlie Equator of the Heavens, (becauſe 4 
that time, the Plane of the Earth's Equata 2 
Produced does again paſs thro' the Sun,) makiq; 
the Days equal to the Nights all over the Fart 
And now again the extremities of illuminatio 
each to both Poles; fo that the Day under thi 
9 de, which has been all the while inlightenel 
e 141 to the ſpace of half a Year, (the tim 
the Earth has ſpent ſince its departure from 2 
andthe Night under the Southern Pole 4," 
Tong.\- T3 AMS I 1 Amon! on < 
Ny Th 
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The Earth moving forwards thro' the Signs 


V, &, IT, the Sun will ſeem in the mean while, 
co go thro , mand 7, and to decline gradual- 

iy from the Equator towards the South; till 
at laſt, the Earth being really in &, and the 
sun appearing to be at W, all the ſame Appear- 
ances will happen to the Inhabitants of the 
Southern Hemiſphere, as have happen'd to the 
Inhabitants of the Northern Hemiſphere, when 
the Earth was atW; and what happen'd to the 
Inhabitants of the Southern Hemiſphere before, 
will now happen to them of the Northern, 
And while the Earth is carried thro'S; SL, and 
m, the Sun will ſeem to move thro' W, #2, and 
to the Equator, and V, compleating the Year; 
And the Sun will cauſe the ſame Phænomena 
of Day and Night, the former decreaſing, the lat- 
ter increaſing, to the Inhabitants of the Southern 
Hemiſphere, as it did to the Inhabitants of the 
Northern Hemiſphere, while it went thro the 
tnree pee ens. 


SECTION VI. 


Of the Orbits of the Planets and Comets, 
and their Figure; together with the Law 
of Centripetal Forces, requiſite to make 
them move in ſuch Orbits. | 


7 


* . bh * 


PROPOSITION XXXIV. 


Ach Primary Planet deſcribes the Perimeter of an 
Ellipſe, baving the Sun in one of its Focus's. 

| -W_ Having hitherto been treating of what was 

4, Nseneral, 'twas ſufficient to conſider the way of 

| PI 
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each Planet, as if it were the Circumference of 
a Circle, having the Sun for a Center, ſince it 
does not differ very much from 4 Circle. He 
that conſiders the Phænomena of the Planet: 
moy'd about the Sun more cloſely, will find, 
that they are not every where equally diſtan 
from the Sun: For inſtance, the Earth is more 
diſtant from the Sun in Summer than in Win. 
ter; as is evident from the apparent Diameter} 
of the Sun, which is greateſt about the middle of 
ez and leaſt about the middle of December, 
'Tis further evident from the ſwifter Motion df 
the Earth about the Sun, in the midſt of Winter, 
than in the midſt of Summer, near a fifteenth 
Part. And for this reaſon it is, that there ar: 
about eight Days more from the Vernal Equi 
nox to the Autumnal, the Summer Seaſon, than 
from the Autumnal Equinox to the Vernal, th: 
Winter Seaſon ; tho' in both caſes the Eartl 


or Sun ſeems to have moved but a Semicirck 1 
Since therefore the Earth moves ſwifter about | 
the Sun in Winter than in Summer, it mul 2 
then be nearer to the Sun, by Prop. 12. to mah u 
the Area, deſcribed by a Right- line drawn fron (i 
the Sun, augment equably as the Time, tl d 
greateſt length of the Baſe compenſating fa E 
he leſſer Altitude of the Trilineal Figure. Til e 
fame holds likewiſe in the Motion of the otheſ b. 
Primary Planets aboutghe Sun: Nay the Orbil C 
of any of them (except Venus) is more differen 7.4 
from a Circle, having the Sun for its Cente +; 
than the Orbit of the Earth, as ſhall be ſhewil ſ 

. hereafter. WM te 
This deviation of the Planets in their Motion N 
about the Sun, from the Circumference of b 


Circle concentric with the Sun, is ſo great an 
ſenſible, that all Aſtronomers have been oblig du 
4 =, Li af 95 3.4 Io a ſuppol 
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W ſuppoſe Excentric Orbs : And becauſe they thought 
= 2 diſpute, that all Celeſtial Motion na 
be perfectly Circular, they imagined each Planet 
to be moved in a Circle, as A IPR ¶ Fig. 29.] ha- 
ving its Center C, at ſuch a diſtance from the Sun 
, as might agree with its Motions. The remoteſt 

Point 4, of this Excentric Orb from the Sun, 
they call'd the Aphelium ; P, the Peribelium; both 
the Apſides; the Right-line A P, connecting the 
Apfides, and in which they placed the Sun, the 
Line of the Apſides ; the part of it CS, the Ex- 
centricity, And by the help of ſuch a Theory of 
the Planets as this ſuppoſe, the Places of the 
Planets found by Calculators, agreed exactly e- 
nough with their true ones in the Heavens; 
eſpecially of them whoſe Orbits were very little 
different from Circles; for inſtance, the Earth. 
But when they came to Mars, its Place, by com- 
putation from this Theory, was ſo different from 
its Place by obſervation, that they concluded 
its Orbit was not Circular, but ſomething de- 
preſs'd in the Points I and R, which are re- 
moteſt from the Apſides, and therefore, as it 
were, an Oval. This Oval the ſagacious Kepler, 
(in his Commentaries upon Mars,) after indefatiga- 
ble pains in Calculations, found to be a perfect 
Ellipſe, having the Points A and P for its Verti- 
ces, which were the Apſides in the Circular Or- 
bit, and ftill retain the ſame Names, and the 
Center of the Sun for one of its Foci: Becauſe 
this Ellipſe alone exhibits, the Diſtances from 
the Sun, (or Right-lines S E) agreeable to ob- 
ſervation, as it does the true Equation for de- 
termining the Angle ASE, from the mean 
Motion of the Sun given: That is, only the 
before mentioned Ellipſe is of that nature, as 
to have the Periodic Time, or intire Revolu- 
F 4 tion, 
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tion, in the ſame ratio to the Time ſince its 
departure from the Aphelium in 4, as the in- 


tire Area 4 E PL A, is to the Area 48S EA, 
intercepted between the line of the Apſides 8 4, 
and the line SE (known by obſervation) draun 
from the Sun to the Planet: But that this is a 
circumſtance in the Motion of every Planet a- 


bout the Sun, is evident from Prop. 13. Beſides, 
the Place of the Earth in an Elliptic Orbit is 
ſuch, as that the Places of the other Planets a- 
bout the Earth, found in their reſpective Orbits 
by Calculation, and ſeen from the Earth, agree 
very exactly with their Places found by Obſer- 
vation in the Heavens; which happens ſo ex- 
actly in no other Orbit whatever. Since there- 
fore the Places of the Planets, found by a Cal- 


culus accomodated to Elliptic Orbs, agree fo 


k 


exactly with their Places by Obſervation; but 
do nor at all agree with a Calculus founded up- 
on Orbs of any other Figure, but upon the ac- 
count of their being ſomething near, or ap- 
proaching to an Elliptic form ; 'tis evident that 
the Orbits deſcribed by the Planets are Elliptic. 
The Elliptic Orbits of the Primary Planets 
deſcribed about the Sun in the common Focus, 
are almoſt immovable; that is, When the Pla- 
nets are carried to the Apſides of their Orbits, 
or any other given Points, they return to the 
ſame Points of the Mundane Space nearly: 
For ſuch kind of Orbits only, ſolve the obſer- 
ved Phænomena of the Places of the Planets 
among the Fixt Stars, ſeen from the Earth. 


PROPOSITION XXXV. 


Fun in one of its Foci. 
Por ſuch Orbits, and ſuch only, agree with 
5 197 3 ö LS. 1 ARES MES. 7 ] the 


A Comer moves in 4 Conic Seckion, that has the 
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the Places of the Comets obſerved in the Hea- 
vens. Tis true that Kepler, and feveral Philo- 
ſophers after him, ſuppoſed the Trajectories of 
Comets to be Right lines; and have Calculated 
their Places upon that Hypotheſis, agreeing 
pretty exactly with their Places by Obſervation. 
But this might have been done, tho' the Comet 
were moved in a Conic Section, if the Obſer- 
vation were made only while it is in that part of 
its Orbit which is not much different from a 
Right line. Let 4 PV C| Fig. zo. ] be a very 
excentric Section of a Cone; that is, the Di- 
ſtance of whoſe Foci is almoſt equal to its 
Tranſverſe Axe: Let S, the Center of the Sun, 
be one of the Foci; it may be the Comet is ob- 
ſerv'd while it is deſcribing the part AP of its 
Orbit, but during the reſt of the time, while 
it paſs d from P, thro V/, B, and C, (where it 
p- diſappears, and goes off into very diſtant Re- 
c- ions, ) it lies hid by the Rays of the Sun, in re- 
p- {pet of the Obſerver upon the Earth, moved 
"at about the Sun 8: Or it may be the Comet 
ic. was hid during its Motion along APV, under 
ets the Beams of the Sun, (the Situation and Mo- 
us, tion of the Earth allowing of it, and concur- 
la- ing;) and then at laſt is obſerved, when it is 
ts, come to B, and is about to deſcribe the line B C; 
he and in both caſes, the Path of a Comet differs 
y: nt ſenſibly from a Right-line. In the former 
er- caſe, the Comets will ſeem to be ſwallow'd b 
ets the Sun; becauſe they were ſeen before their 
acceſs to the Sun, and afterwards were ſeen no 
more ; and conſequently are look'd upon as de- 
{troy'd : But in the latter caſe, they will ſeem 
he to ariſe out of the Sun, becauſe they were firſt 
| ſeen in their aſcent from the Sun, towards the 
ih | pemote Regions, Beſides, when a Comet in its 
he | deſcent 


* 
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deſcent towards the Sun (as in A P, comes un. 
der our Obſeryation, approaching afterwards to 
the Sun, and lying hid for ſome: time in his 
Rays (namely, while it deſcribes PV, and un- 
expectedly 2 on the other ſide of the 
Sun, with a Tail conſiderably increaſed, (for 
reaſons afterwards to be aſſigned in their proper 
place; it is commonly taken for a new Comet, 
and different from the former; the TrajeQory i 
of the one being the Right line AP, but of the if 
other BC. Now the difference and ſeeming i 
contrariety of their Trajectories, have deceived i 
ſome Aſtronomers, who have aſſerted that it 
was not the ſame Comet that deſcribed them 
both. Nor is this Miſtake eaſily corrected in ai 
Comet that never returns to the ſame place, as 
we know of, by Obſervation. From all which, 
the reaſonjis plain, why Rectilineal Trajectories, 
for the moſt part, agree with the Motion of 
Comets; namely, becauſe. only one portion of 
it, is taken for the whole Trajectory : But if the 
whole be conſidered together, as well in its de- 
ſtent towards the Sun, as in its aſcent from it, 
no other line but a Conic Section would be 
found to agree with it. | | 

Of the three Sections of a Cone, an Ellipſe, 
having the Center of the Sun in one of its Foci, 
is moſt agreeable to the Motion of a Comet, as 
ſnall be demonſtrated in its proper place: And 
if the Comets be durable Bodies, and return, 
none but an Ellipſe will ſuit their Motion. But 
inſtead of a portion near the Vertex of a very 
excentric Ellipſe, which the Motion of a Co- 
met requires, a portion of a Parabola, having 
the ſame Vertex and Focus, may be ſubftituted; 
becauſe not ſenſibly differing from it. As the 
Parabolic Curve is its true Trajectory, if it ne- 


— 
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W ver return; or elſe perhaps an Hyperbolic one, 


0 iT if chere be any ſuch Comet, whoſe Motion an 


X Hyperbolic Treje&tory will better agtee to, 
chan a Parabohe. |» wen 1 


ProzosITION XXXVI. 
Ach Secondary Planet revolves 7 iti Pri- 
mary, in the Perimeter of an Ellipſe, having 
the Center of the Primary in one of 'its Fock. 
As for the Moon, the Earth's Secondary, it 
appears once, in its Revolution about the Earth, 
leſſer, and at the ſame time ſlower ; and in the 


oppoſite point greater, and ſwifter: Tis plain 


therefore, that its Orbit is excentric to the 
Earth. That it is an Ellipſe having a Focus in 
the Earth's Center, may be proved by reaſons 
like thoſe by which (in the præced. Prop.) we 
demonſtrated the Orbits of the Primary Pla- 
nets about the Sun, to be Elliptic : namely, be- 
cauſe aſſuming an Elliptic Orbit for the Moon, 
its diſtances from the Earth, come out agreeable 


to Obſervation, and the Æquations of its Motion, 


ſuch as are not to be found from the Suppoſition 
of any other kind of Orbit. All this agrees 
likewiſe with the Orbitgof the Satellites of Ju- 

piter and Saturn; tho' they are nearly Circular 
and concentric with Jupiter and Saturn. g 
Tho' the Elliptic Orbits of the Primary Pla- 
nets are at reſt, as was ſaid in the præceding 
Propoſition, yet tis quite otherwiſe in the Se- 
condary: For their Motions are ſo diſturbed by 
cauſes to be explain d hereafter, that the ſame 
Ellipſes are not deſcribed again, abſtracting 
from the Motion of the primary Planet. But 
to reduce their Orbits to Ellipſes, we muſt ima- 
ine the Ellipſe of each Secondary Planet, to 
be moved to, as that the Plane of the Ellipſe, 
| ang 
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and Focus fixed in the Center of the Primary, 

continuing the ſame, the Axis of the Ellipſe is 

carried, in conſequentia, by an angular Motion, 

round the immoveable Focus. But this Motion 

is ſo flow, and inſenſible, (being in the Moon 

an hundred times flower than the Moon it ſelf,) 
that it may very well be neglected in this place; 
and the Ellipſes deſcribed by the Secondary a- 
bout their Primary, may be look'd upon as un- 
moved, abſtracting from their Motion round 
the Sun in common with their Primary. 


„ PRO POSITION XX XVII. 
IF Body be projected according to the direction f 
1 any Rigbt line, and at the ſame time urged by 
4 Centripetal Force tending to the Center 8, [ Fig. — 
ſo as by Motion compounded of bath, it deſcribes the 
Curve APp; andthe Right line PR be a Tangent to 
it, in a point P; and from the point B, neareſt to 
P, a line BD be drawn 8 to the Right line 
SP, and the Right line B R parallel to the ſame line 
SP; and if the like conſtruction be made at any other 
Point p, of the Curve: I ſay the Centripetal Force in 
"TY is to the "has Tak in p, 4s E pixbd1 


A. | br 

1 g LS : Or that the Centripetal Force 
in P, 3s | reciprocally as the Solid 2 5 4 2 | 
zuben n. the Figure P R BD is indefinitely ſmall. 

Let the Force in P, that tends to the Center 
S, be called /. Let the Time wherein the in- 
definitely ſmall Arc PB, is run, or in which a 
Body, by its Yis inſita alone, would run the in- 
definitely ſmall Tangent PR, be called 7. Let 


the Centripętal Force acting in p be called v. 


9 © 4 95 hand. 
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and 
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and che Time that pb, or the Tangent pr, is 
run in call t. Take an Arc Pg, run in the fame 
time with the Arc pb ; and draw g parallel to 
PS. Theſe things being ſuppoſed, tis evident 
that the ratio of the lineola B R to the lineola by, 
is compounded of the ratio of BR to &p, and 
of the ratio of g to br: But (By Prop. 24.) ER 
is to g in the duplicate ratio of the Arc P to 
the Arc Pg; and theſe Arcs, ſince they are in- 
definitely ſmall, are as the Triangles B Sp, 
SP, of the ſame” Altitude; that is, (by Prop. 
12.) as the Times in which they are deſcribed by 
a radius drawn to S; or, by Conſtruction, as the 


of Times wherein the Arcs PB, p, are deſcribed. 

2 Again, the lineola gp, is to the lineola r, as 

J the Cauſes producing them; that is, as the Cen- 
E 


tripetal Force in P, to the Centripetal Force in 
And therefore the ratio of the lineola 8 & 


Fo to the lineola by, is compounded of the dupli- 
* cate ratio of the Times wherein PB and 25 
E are deſcribed, and of the ratio of the Centripe- 
tal Force in P to the Centripetal Force in p. 

"OY B R $24 Fi? „ eats! 
That is, in Symbols, 77 


1 V BRN. 

7 "xy pe veg And conſequently ET 
But (by Prop. 1x.) T is to t, as the Area S BP to 
the Area Sbp; or as its double SPXBD to 


S px6b4 the double of the latter: Subſtituting 


* 4 . 
therefore inſtead of the ratio s its equal 


Spixbdd 4 ben BRXSpixb49 
SPax Ba' aud then Y NSA BDY 
or to v, as BRxXSpixbdi to br&xSPAx 
B D1; that is, ( dividing them by BRN 


-- 
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, SANA PA X B BA ** T 


therefore in P tending towards S, is reciprocally 
——_—_—  —— .,SP14 x BD4 
as the naſcent or evanaſcent Solid by 


* N B wa I 9 7 
Which was to he demonſtrated. I 
WIR -* 7 - 
From whence, if any Figure (AP) be 
given, and in it a Point S, to which the Cen- 
tripetal Force is directed; the Law of the Cen- 
tripetal Force, whereby a Body drawn from its 
rectilineal courſe, ſhall be made to keep in the 
Perimeter of that Figure, and deſcribe it in its 
revolution, may be found; provided this Force W 
be compounded of a proper one impreſs d along 
the Tangent of the Figure. For the Law ſought il 
(by this Prop. 37.) is, that the Force be recipro- Wits 


cally as the naſcent Solid 4 Fe 


5 which fr. 
is to be computed from the property of the Fi- E 
gure being given. A remarkable inſtance of 


br”, * \ | * - 
he Force 
L | as 


which, we ſhall give, taken from nature. 4 
PrxoPOStITION XXXVHI. LEMMA. T 


I 4 Rigbt line ZP R [ Fig. 32.] touch the Ellipſe lu 
API, whoſe Foci are S and F, in any Point P, P. 
and a Diameter as I K be drawn parallel to it, thro 
the Center C; the free EP, of the Right dine SP, 
Joining either of the Foci (as S) and the point of Con- 
tact, is equal to half the greater Axe CA. 

Thro' the other Focus F, draw FH parallel to 


PR, meeting $ Pin H. Becauſe (by Prop. 48 X 
lib. 3. El.Conic. AﬀvIltnius) the Angles FP Z, HPR, 
are equal, and conſequently their alternate ones il p 


PFH, PHF are equal; therefore PH is equal toPF. 
Again, (by 2. Elem. 6.) S E is equal to E E, 2 
caule 
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4 auſe SC is equal to C F; and ſince & H is the 
itference of the Right lines PS, PH, it will 
iewiſe be the difference of the lines PS, P F; 
ad E E, half this differefice. . And there- 
ore PE, (made up of the leſſer and half the 
ifference) is equal to half the Sum of P 5, and 

pr: Bur (by Prop. 5 2. Iib. 3. El. Conic.) the Right 
ines 8 P, P F, taken together are equal to the 
greater Axe: Wherefore half their Sum (that is, 
E P) is equal to half the greater Axe CA. Which 
was to be demonſtrated. | 16.43 


PROPOSITION XXXIX. 
I Et Body revolve in an Ellipſe ; the Law of the 
[ L Centripetal Force tending to the Focus of the 
llipſe is required. 0 35 

= Let APM | Fig. 33.] be the Ellipſe, whoſe 
WPerimeter is deſcribed by the revolving Body; 
0» Wics Focus or Umbilical Point 5, to which the 
Force is directed, whereby the Body drawn 
a from its rectilineal Motion is retained in tlie 
i. Elliptic Orbit: required the Law of this Force. 
of Draw the conjugate Axes of the Ellipſes TA 
GY, crofling one another in the Center C. And 
thro any Point P, in its Perimeter, draw a 
Tangent P, and a Diameter P M, and a con- 


oe Iiugate to it IC K parallel to P Z, to which, from 
P, , let fall the perpendicular P N. Compleat 
„ che Parallelogram PC IH, and the Right line 
Þ, IH will touch the Ellipſe: (by 17. Book I. Conic.) 
n- Join SP cutting IK in E. Thro' B, the neareſt 

Point poſſible to P, draw B R parallel to PS, 
to and BX to PZ, meeting the Right line SP in 
48. X, and MP in O. F | | 
R, The centripetal Force tending to 5, is (by 
nes Prop. 37.) reciprocally as the ſolid 8 
PF. | 1 
be- ' Which 
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Which therefore muſt be computed from the 
nature of the Ellipſe. In order to which, let the 
Principal Parameter gf the Ellipſe, or that which 
belongs to the greater Axe TA, be call'd L. The 
Ratio of Lx BR to B D4 is compounded of the 
Ratios of L B R to LxPO, LxPO to MO xMf 
PO, MONDO to BOY, BOd to. BX, and 
B XA to B'D4:© But the Ratio of LVB R to 

LxPO, or (by Prop. 1. El. 6.) of BR or PA 
to PO, is equal to the Ratio of P E to PC, (by 
Prop. 2. El. 6.) becauſe XO is parallel to EC 
and (by præced.) P E is equal to 40: There- 
fore the Ratio of LX B Rto LxPO is equal to 
the Ratio of AC to PC. The Ratio likewiſe of Ml 
LXPO to MOx PO is the ſame with the 
Ratio of L to MO. And the Ratio of A ON 
P O, or the rectangle MOP to B OY, is the 
ſame (by Prop. 21. B. 1. Conic.) with the Ratio off 
the rectangle MCP (that is, C Pd) to TCA 
And in the preſent caſe, the Ratio of B 01 to 
B Ad is the Ratio of equality; for the Point B 
coinciding with the Point P, BO becomes e- 
qual to BX. Laſtly, the Ratio of B X4 to ar 
B Da is equal to the Ratio of PE Ad to PNA: 
(For the Triangles BD X, PN E are equiangu- 
lar, the Angles at D and N being right; and 
BX D, PE N, being alternate, and therefore 
equal, becauſe. of the two Parallels B X, E N. 
And P Ed is equal to C 44, becauſe the lines 
themſelves are equal (by the præceding Propo- 
ſition.) Therefore the Ratio of B XA to BD 
is the ſame with the Ratio of C Ad to P NA. 
Beſides, (by Prop. 72. Book 4. of Gregory St. Vine 
cent,) the rectangle under GC and CA is equal to 
the Parallelogram PCIE, that is, to the rec 
angle under IC, PN: Wherefore (by 16. El. 6.) 
CA is to PN as IC to GC; therefore C A 
15 
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+ co PNA as IC to G C4: The ratio therefore 
f 2 x4 to BD, is the ſame with the ratio of 
C1 to G,C%. ...>ince therefore the ratio of 
x BR to BDA is compounded of the ratios of 
x BR,to LXPO, LXPO to MOXPO, 


CD te 


CV. 
8 


PRE. {$a 
6 = 
= n 
þ X. « : ES 
— 20” 


P y 
= * 8 - 3 4 
-. Cc 4 um y__— n 
xy Sore +. 


"| O PO to BOY BOA to BA, and BA 
ED tis compounded alſo, of ratios reſpe- 
x Mively equal to theſe ; namely, of the ratios 
* AC to PC, L to AO, CP to IC, and IC9 
„oc; and therefote will be equal to the ra- 
of ACX LxPC4 to PCxMOXGC9: 


ut (by Prop, 13. Book 1. Conic.) AC x L = 2GC1. 


t 1 N : 

4 bſtituting therefore the one in the room of 
ee other, the ratio of Lx BR co B Da, is equal 
che ratio of 2604 C4 ro PCx MOXGCH 


at is, to the ratio 2P C to MO: But (in the 


= Wc len . caſe, ſince the point B is the neareſt 
ble to P,) the point O muſt be the leaft 
ſtance poſſible from the point P; that is, M O 
equal to 2 C; and therefore, in this caſe, 
„EBER is equal to B D4: Becauſe therefore, 


* 5 q q 
an Ellipſe, B D4 =LxBR, tis _—_ - - - = 


gu- 8 P4x ENB R 


and B R ) * 15 ES The Comer 
fore ¶ tal Force therefore is reciprocally proportio- 
N./ co this Solid; and Lin it is a conſtant inva- 


ines 


ble Right line. | 
The Law therefore of the: Centripetal Force 


po- 
D ading to the Focus of an Ellipſe, (whereby a 
N 4. N dy, turn'd off perpetually from its Rectilineal 
Vine Nurſe, is kept in the perimeter of that Figure, 
al to Id deſcribes it in its Motion, ) is, that it is reci- 
rect- Wocally proportional. to the Square of the di- 


J. 6.) 
> A1 
15 


nce of the Place P from the Center 'S. 
wwe bonds: ff rr ten 


.- 
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* cOROLLART 1. 
If the Focus S, of the Ellipſe, to which the 
Force tends, together with the next Vertex 7, 
continue as before; [Fg 34. ] but the Focus F, ap WF 
proach it, and ar laſt coincide with it; the Body L 
P, will now be kept revolving inthe Perimeter of ſo! 
a Circle, by the Centripetal Force tending to Wen 
after the ſame manner, and by the ſame Law, x 
it was in the Perimeter of the Ellipſe. And 2 
a Circle may be deſcribed by a Body, acted up. 
on by any Centripetal Force tending to a point 
ſituated without the Right line, according ti 
the direction of which it would have move( 
by its Vis inſtta alone, (as was faid in Prop. 29, 
ſo a Right line will be deſcribed by a Body tha 
is urged by no Force tending to a point ſituated 
without the ſaid Right line: For if the two 
Vertices continue the ſame, and the Foci ap 
proach to them, the Ellipſe will be turned into 
a Right line. But to deſcribe any other Lins 
beſides a Right one and a Circular, a particula 
Law of the Centripetal Force is neceſſary. 
„ OOROELEARIA.: . ; 
If the Focus S, [Fg. 35.] of the Ellipſe, wolf 
which, as a Center, the Force be directed, tog: 
ther, with the next Vertex 7, remain as before; 
and the other Focus F, go farther off in infinitm 
the Body P will be kept in the Perimeter of the 
Figure T P, by the Centripeaal Force tendingJPar 
to S, after the ſame manner as it was before ed 
and by the ſame Law. But in this cafe, the A 
lipſe will be turn d into a Parabola : The La Aue 
therefore of a Centripetal Force tending to tui r- 
Focus of a Parabola, retaining a Body in th 
Perimeter of ſuch a Figure, is this, that it 
reciprocally proportional to the Square of 
Diſtance from the Focus. 


CL 


1 
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COROLLARY 3. * : 
If, all the reft continuing as before, the Focus 


Er, [ Fg. 36.] go off to a more than infinite 
3 "FAA, (that is, if it appear on the other fide 
of of 7, and make the Vertices A and Ilie be- 


ween the Foci & and F; whereas before, the 
Foci $ and F were between the Vertices 4 and 
7.) in which caſe, the Ellipſe is turn'd into an 
Hyperbola; the Body acted upon by the ſame 
Law of the Centripetal Force as before, (that 
js, ſo as do increaſe, as the Square of the Di- 
ance from the Center decreaſes,) will then 
ove in the Perimeter of this Hyperbolaa. 


| COROLL ART 4. 
But if the Focus E, [Fig. 37.] of the for- 
er Ellipſe, and the Vertex A continue fixt, 
nd in the mean while the other Focus 5, to 
hich the Force is directed, goes off further 
nd further, to an infinite Diſtance, (that is, 
the Ellipſe be turned into a Parabola;) the Cen- 
ripetal Force directed to the Point 8 at an in- 

ite Diſtance, or 4 to Right lines pa- 
allel to the Axe AF, by which the Body moves 
its Perimeter, will become equable : For Di- 
ances from an infinitely diſtant Center, whoſe 
tervals are finite, are equal. And therefore 
e Force, which is reciprocally as the Square of 
xr Diſtance, is equable. And converſely, a 
fore ody acted upon by an equable Force, tending 
a Center infinicely diſtant, and which con- 
quently is directed according to Right lines 
arallel to a given one, will deſcribe in its Mo- 
on a Parabola, whoſe Axis is parallel to the 
it ren Right line. And this is the famous The- 
em of Galileo, concerning the path or tract 

a Projectile. 


G 2 CO- 
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COROLLARY; 5: | 
All chings continuing as before, if the Facy 
5, (or Center to which the Force is directed) 
go off to more than an infinite Diſtance, as in 
Corol. 3. it happen d to the Focus E, then the E 
lipſe will be turned into an Hy perbola, | Cig. 38, 
and the Body made to move in the Perimeter gf 
the Figure thus changed, by a Force acting as 
cording to the direction of the Right line 55 
that is, reeiprocally proportional to the Squag 
of the Diſtance of the Place from the Center 9 
and that conſequently is a Centrifugal Foro 
in regard of the Point S, becauſe the Curve 4] 
is convex towards A. 22 
As an Ellipſe is deſcribed by a Body urge 
by a Force tending to either of the Foci ( be 
cauſe within it,) and acting according to th 
Law of the preceding Propoſition; and an H 
perbola, while the Centripetal Force of the ſan 
Law tends to a Focus within it, or while ch 
Aid Centripetal Force is changed into a Ce 
trifugal one, tending to a Focus, without ti 
Curve: So a Parabola, which, as it were 
mean betwixt theſe two Sections, partakes ( 
the nature of both; and is deſcribed by the ad 
on of a Centripetal Force of the ſame Lav 
tending to a Focus within the Curve, (as in bol 
the preceding,) and by the action of a Centi 
petal Force tending to one Focus, or a-Centnfif** 
tugal Force tending from the other, (after ul 
manner of an Ellipſe and Hypetbola reſp 
ctively,) according as that other Focus is lu 
pos d to be placed towards the convex or co 
cave parts of the Curve: For both ways it wil 
be conſidered as infinitely diſtant,  _ 
COROLLARY 6. _ 
From this Propoſition and its Corollaries, 
follows, that if any Body be projected a 
| ci 
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Point P, according to the direction of any Right 
line PR, with any Velocity, and be acted upon 


d) at the fame time by a Centripetal Force, which 
inis reciprocally proportional to the Square of the 
E diſtance of the Place from the Center 5, ſitu- 
dated without the abovemention'd Right line; 
of it will de moved in one of the Conic Sections, 
ae having its Focus, as the Center to which the 
Force is directed. For the Ellipſe of the for- 


mer Propoſition can be changed into no other 
Line but a Right line and a Conic Section; (by 
he motion of either Focus in the Axe pro- 
duced if need be.) And the principal Para- 
eter of this Section or L, by the demonſtrati- 

dn of the Propoſition, (where it was ſne wn that 
LX BR = B D,) is a third proportional to BR 
and B D conſidered as naſcent. K 03 2 
PRO POSITION XI. 

F ſeveral Bodies revolve about a common Center, 
and the Centripetal Force be reciprocally as 'the 

quare of ''the' Diſtance frum the Center; I ſay the 


oc ares of the Periadic Times in Ellipſet are as the 
les of © the Tranſverſe Axes. 159 41929 11.311 
Land -<t there be any two Orbits A P, apt, about 


common Focus S, (fg. 39.) in which the farmer 
onſtruction is aper to continue. Their 
arameters L and i, (by Corol. 6. of the pre- 
ding Propoſition) are reſpectively equal to 
ren ee 
F the Points B and P, likewiſe 
con and p, coinciding. But RB is tor (being 
generated in the ſame time) as the Centripetal 
orce in P, to the Centripetal Force in 4 ; that 
t 


by ſuppoſition, as S pd to SPA: And there- 


70 B DG 544 
* ore L: 1 :: 8 B Dax SPA: 
Poi G3 bd 


— 
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b 44x$p3. And BD SP is to hx Sp, as 
their halves; that is, as the Areas deſcribed at 
the ſame time by the Bodies P and p: And there. 
fore L and I are as the Squares of the Areas, 
that are deſcribed in the ſame time, by Radi 
drawn to the common Center S; that is, theſe 
Areas, deſcribed at the ſame time, are in the 
ſubduplicate ratio of the Parameters. And 
fince the intire Areas of the Ellipſes are as any 
lefſer parts of them, deſcribed at the ſame time, 
drawn into the reſpective Periodic Times; the 
intire Areas will be to one another, in a ratio 
compounded. of the ſubduplicate of the Para. 
meters, and ſimple ratio of the Periodic Time 
Since by Prop. 191. Bopk 4. of Gregory St. Vis 
cent ) the Ellipſe AGTY is to agty, as AT x GI 
is to at N g: And therefore the rectangles ug: 
der the Axes of the Ellipſes, are in a ratio com 
pounded of the ſubduplicate ratio of the Para. 
meters, and of the ſimple ratio of the Periodi 
Times; that is, as Li x Periodic Time in API 
to 7 3 x Periodic Time in pt. And ſince from 
the nature of an Ellipſe, G is a Geometrie 
mean between L and AT, and g y betwixt / and 
at; or GY = L* K 4775, and gy =? 7 X at 
Tlierefore L. x 4 T*:17 7 at* ::( GY x AT! 
55 * 41 2) Li x Periodic Time in A PT: 18. 
eriodic. Time in ap t. ' Dividing therefore the 
Antecedents by L and the Conſequents by 15 
and ſquaring the Quotients you will have the 
Cube of AT, to the Cube of a7, as the Squar 
of the Periodjc Time in the Ellipſe 4 PT, t0 
the Square of the Periodic Time in the Ellipl 
4 pt. Which was to be demonſtrated. | 
' "COROLL ART 1. © 

- Beeayſe a Cirge is a Species of an Ellipſh; 
where both the Foci coincide with the Centet, 
and the greater Axe is equal to any Diamete! 
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tis manifeſt that the Squares of the Periodie 
Times of Bodies [revolving in an Ellipſe and 
Circle about the ſame Center, are as the Cubes 
of the Tranſverſe, Axes : And therefore, if the 
Axes and their Cubes are equal, the Squares of 
the Periodic.Times, and conſequently the Pe- 
riodic Times themſelves, will be equal: that is, 
when the Center of the Forces is the ſame, the 
Periodic Times in Ellipſes, will be the fame 
with thoſe in Circles, whoſe Diameters are e- 
qual to the greater Axes of the Ellipſes. 

+ + 4, .. GCQRQLELARE2-. | 
'Tis evident from the Demonſtration of the 
Propoſition, that the Parameters of any Orbits, 
deſcribed by Bodies revolving about a common 
Center, and acted upon by a Centripetal Force, 
which is reciprocally as the Squares of the Di- 
ſtances from the Center, are as the Squares of 
the Areas deſcribed in the ſame time, by Radii 
drawn to the Center: For this was demonſtra- 
ted uniyerſally of any Orbits, whether Elliptic, 
Parabolic, or Hyperbolic, before the reaſoning 
was confin'd to Ellipſes, in which only, the Pe- 
riodic Time has any place. | 


PrRoPosITION XILI. 


HE Law of the Centripetal Force. being as 
before; I ſay the Velocities of any Bodies 
revolving about the ſame Center, in any points what- 
ever, are in a ratio compounded of the ſubduplicate 
ratio of the principal Parameters belonging ts the 
Lines they deſcribe, and of the reciprocal ratio of the 
perpendiculars let fall from the common Center upon 
Right lines that are Tangents at the points where the 
Bodies are. | Fe” 

Let the Bodies P and p II Fig. 40.] revolve a- 
bout the common Center S, in any kind of 
Lines PB, pb. Becauſe the Bodies, by ſuppoſi- 


G 4 tion, 


tion, are acted upon by 2, Centripetal Force, 
reciprocally proportional to the Square of the 
Diſtance; of the Place from the Center; the 
Lines will ( by, Goroly.6. Prop. 39.) be Conic Se 
Qions, having S for a Focus. Lęt their princi 


al Parameters be call'd, L and ]. From &, lei 
all SN, n, perpendicular upon the Right line Bo 
PR, pr, Tangents in I and p. ſay the Velo che 
city of the Body P, is to the Velocity of the ar- 
Body p, in a ratio compounded of the ratio o rat 
L to 125 and of the ratio of S to S N; o rat 
as L? x SN to NN =_ 
Take the Ares PB, 5 l, deſcribed in the ſam *** 
infinitely ſmall time; and thro B draw B X pa. 2: 
rallel to Rp, and B.D perpendicular to SP; lM wn 


the ſame be done at b. The Velocities in P and) 
are as the naſcent Arcs PB, pb; becauſe they of 
are the Spaces run in the ſame time; that is, [ts 
as the Lines P R and pr equal to them. Thi ©” 
right angled Triangles B DX, SNP, having 
the Angles BX D, SPN equal, becauſe B I, ſia 
NP are parallel; ſo that S N: SP:: BD: BY 
and therefore B X, or what my to it PR =" 
SP BD Spex | was 

_ And pr = 5 , becauſe of f 
milar ratios. But SPX BD, Spxbd are aM« - 
their halves, that is, S PB, Sp; or the Area: N 
deſcribed at the ſame time by the Bodies P andy, * 
which again (by Cor. 2. Prop. preced. ) are as the FO 
Square Roots of the Parameters L and /; or a 


LI t0 15 And therefore PR is to pr, or che me 
Velocity of the Body in P, is to the Velocity of Ml A; 


LET En L 0“ 2 Vii 
the Body in . as 3 or as 2.5 * ſta 


_ 


to 12 SN; That is, in a ratio compounded of fl 

the ſubduplicate' fatjo of the Parameters to the Fan 

Figures PB, pb, and of the reciprocal ratio . di. 
N r Fer "phe 
4 y 


* 
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the Perpendiculars, let fall from the Center of 


be Forces S, upon the Tangents. Which was 


tu be demonſtrated. 

nl (9.2 13 | mA 1 

irt COROLLARY 1. 

Hence it follows; that the Velocities of the 
Bodies, in theit greateſt and leaſt Diſtances from 
their common Focus, about which they revolve, 
are in a ratio compounded of the ſubduplicate 
ratio of the Parameters, and of the reciprocal 
ratio of the Diſtances from the common Focus. 
For, in their greateſt and leaſt Diſtances from 


the Focus, the Perpendicular to the Tangent is 
the Diſtance it ſelf. If theſe Diſtances from 


the Center are equal, the Velocities, in that 


moment of time, are in the ſubduplicate ratio 
of the Parameters; that other ratio of the di- 


ſtances becoming a ratio of equality. And if 


one of the Figures be a Circle, the Velocity in 
the Conic Section, in the greateſt or leaſt di- 
ſtance from the Focus, will be to the Velocity 
in the Circle, as the Square Root of the Para- 
meter of the Conic Section is to the Square of 
the Diſtance. 4 ck Fad tio 


COROLLARY 2. 
In the ſame or different Figures, having e- 
qual Parameters, the Velocity of the Body is 
reciprocally as the Perpendicular let fall from 
Focus, or Center of the Forces, on the Tan- 
gent. For the ſubduplicate ratio of the Para- 
meters, in this caſe, is a ratio of equality. 
And therefore the Velocities of a Body revol- 
ving in an Ellipſe, in the greateſt and leaſt di- 
ſtances from the Focus, are reciprocally as the 
diſtances. For, in this caſe, the diſtances are 
the perpendiculars to the Tangents of the Or- 


bits, 
4 go: 
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moved in any Conic Section 4 DS | Fig. 42.] 


| uniformly in a Right line PA, touching the 


ſcribe by a radius drawn to S, would be equal 


„ La 
* 


Book I. 
* Pe” COROLLARY ET ED 
The apparent Motions of a Body in the prin- 

cipal Vertices A and p, [ Eg. At.] viewed from 

the Center of the Forces S, are reciprocally 
as the Squares of the Diſtances S A, S P. Take 
at the Vertices A and P, the indefinitely ſmall 

Arcs A a, Pp, deſcribed. in equal indefinitely 

ſmall Times, by a Body revolving about S; and 

join Sa, Sp. The apparent Motions of. the 

Body from S, are the Angles 484, PSp. 

The ratio of theſe Angles 4 $a, P. Sp, is com- 

pounded of the Ratio of A « to P p (ſince theſe 

Arcs do not differ from Circular Arcs deſcribed 

upon the Center S,) and of the ratio of SP to 

SA; or the reciprocal of the Radii. But be- 

cauſe As, Pp are deſcribed in equal Times, 

they will be as the Velocities in the points 4 

and P, which (by Corol. preced.) are as S P to 

SA. And therefore 4 8 4 is to P Sp, as SP 

to SAI | LIED 


DREAD jRMSHY =j=D 


on AAR GCL ARK to | 
Hence it follows, that, if the Orbit be very 
nearly a Circle, the apparent Motions of the 
Body viewed from the Centers, are very nearly 
reciprocally as the Squares of the Diſtances 
from it. For, in this caſe, all the Right lines 
that fall upon the Orbit from 5, are nearly per- 
pendicular to it. e r 

From Corel. 2. it follows, that if a Body, 


AF 


as before, ſhould leave the Curve, and go on 


Curve in P, with the Velocity it had in the 
point P; the Area 8 P ©, which it would de- 


to the Area S A D, which (in the ſame or equal 
time,) it would deſcribe, being kept ſtill moving 
in 


„ e £© D.. 


* * 
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in the Conic Section. Take the lineola 4 a, 


y R, deſcribed: in the ſame. indeſinitely ſmall 


time, by two Bodies; and from the Focus S of 
the Section, to the Tangents AH and P, let 
fall the Perpendiculars SH, S N. By Corol. 2. 
the Velocity in A is to the Velocity in P, as SN 
to S H. But as the Velocities in A and P are, 
ſo are the Spaces run in the ſame time, by the 
Bodies; namely, A and P R. And therefore 
Aa is to PR, as S N to S H. Therefore the 
Triangle 8 A4 is equal to the Triangle S P R. 
And ſince this holds in the indefinitely ſmall 
Triangles that conſtitute the Trilineal Figures 
SAD, and SPP, and the Spaces SAD, SP 


are made up of an equal number of Triangles, 


the Times of running 4 D and P © being ta- 
ken equal; the Triangle SP 2 is equal to the 
Area $ &D.: * 


P ROPOSITION XIII. | 


#4 HE Primary Planets and Comets moves about 
the Sun according to this Law, that the Mo- 
tion of each is compounded of an equable one along the 
Tangent to the Orbit, and another tending towards 
the Center of the. Sun, in which the accelerating Force 
is reciprocally proportional to the Square of the di- 

ance from that Center. Aus 
Each of the Primary Planets (by Prop. 1 3.) is 
acted upon by a Force tending toward the Cen- 
ter of the Sun; and (by Prop. 34.) deſcribes the 
Perimeter of an Ellipſe, having the Sun in its 
Focus; and all this is true alſo of any Comet, 
(by Propoſitions 14 and 35 ; ) or at leaſt it de- 
{cribes ſome other Conic Section having the 
fame Focus, ſeeing it is acted upon by a Force 
tending towards the Sun. And therefore (by 
Prop. 39. and its Corollaries) every Comet is ated 
ppon by an equable Forge impreſs'd along a. 
a ; Tangent 
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Tangent to the Orbit, and another whereby it is 
drawn off from the Tangent and kept in a 
Curvilineal Orbit, which tends towards the Suns 
Center, placed in the Focus of the Section, and 
is reciprocally proportional to the Square of the 
diſtance from it. Which was to has Weng: 
ſtrated. 

The * * Comets therefore are to be 
conceiv'd as ſo many Projectiles, which are acted 
upon by two Forces. For in this manner, and 
this only, do they deſcribe Orbits, ſuch as Ob- 
ſervation finds them to be. And the Law of the 
Force that draws off theſe Projectiles from their 
Rectilineal Motion, is, that it increaſes as 
the Square of the diſtance of the Comet or Pla- 
net projected, from that Center of the Sun, in- 
creaſes: Which is the Law whereby the Planets 
tend to the Sun, as we have demonſtrated, o- 
therwiſe than from the Figure of its Path, 
1 E 28. 4. 


* e eee. XIII. 


H E - Nodes and Apſides of the Orkir and Pla- 
nett are at veſt.” 

"For, Prop. 40. every Planet revolves i in an 
immoveable Plane, and the common Interſe- 
ction of any two Planes continues immoveable : 
But the Interſection of the Plane of any Planet, 
with the Plane of the Earth's Orbit, is the Line 
of the Nodes of that Planet. The Nodes there- 
fore of that, and in like manner of all the Pla- 
nets, are at reſt. Beſides, every Planet deſcribes, 
in a Plane that is at reſt, always the ſame El- 
lipſe, which therefore is at reſt, (by Prop. 34.) 
and conſequently its Apſides are at reſt,” Which 
5 to be demonfirated. £ 
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Since the office of every Fixt Star is like 
that of the Sun, (as far as Men are capable of 
judging;) namely, to have ſeveral leſſer Bodies 
like ſo many Planets revolving round its vaſt 
Body; its, other affections likewiſe will be ſi- 
ilar ; as, that its Motion, like the Sun's, will 
e none or inſenſible; which is farther evident 
from the conſtant and always the ſame mutual 
Diſtance of the Fixt Stars. Conſequently the 
Situation of the Nodes and of the Apſides of the 
Planerary Orbits, in reſpect to the Fixed Stars, 
continues the ſame. Ne en | 
q * SCHOLIUM..,. E 
This Propoſition is true, if the Centripetal 
Force of the Planets towards the Sun be only 
conſidered, as has hitherto been done: But if 
the mutual Actions of the Planets and Comets 
upon one another, be taken into the conſide ra- 
tion, things will be a little other wiſe; as ſhall 
be ſhewn in its proper place. But the Effects 
of theſe Actions, by reaſon : of the ſmall - 
neſs of the Forces that produce them, are 
very ſmall, and as it were none at all, and there- 
fore to be neglected in this place. Nay, the 
Motions of the Nodes and Apſides of the Pri- 
mary Planets are ſo ſmall, that no notice at all 
have been taken of them by very conſiderable 
Aſtronomers, in their Calculations, and the 
Nodes and Apſides look d upon to be at reſt. 


| . * PxRoxrostTION XLIV. . — 4 
THE Planets and Comets mode in the Hee 
ven with the greateſt Freedom; and con- 
ſequently their Motion may be preſerved for @ very long 
ſpace of time. t tl 6 non! 
For, in Prop. 39. (where we determined the 
Law of the er Force, whereby a Pody 
18 
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is urged, that revolves in the Perimeter of an 
Ellipſe, or ay other Conic Section, having the 
Center to which the Force tends for a Focus,) 


we ſuppoſed both the Motions, of which the 9 
Motion in an Elliptic, Parabolic, or Hyperbo- 
lic Curve is compounded, to be perfectly free, 


and having nothing to hinder or reſiſt it. Sing 
therefore the Planets deſcribe in their Motion, 
perfect Ellipſes, whoſe common Focus 1s the 
Sun, and continue their revolutions in the ſame 
Ellipſes; tis manifeſt from the converſe, that 
the Motions of the Planets are intirely free from 
all reſiſtance; that is, that the Planets move in 
the Heavens very freely. And if the Planets 


move freely in the Heavens, without any teſi- 


ſtance, the Comets will do ſo too; becauſe they 
are moved along the regions of the Planets, du- 
ring their being viſible to the Inhabitants of the 
Earth, in Orbits that are either true Ellipfes or 
ſpecies of Ellipſes; namely, Parabola's or Hy- 
perbola s, having the Sun in the Focus; to the 
deſcription of which the ſame freedom from all 
reſiſtance is neceſſary. And that the reſiſtance 
of the medium in the regions of the Solar Sy- 


ſteme, beyond the Planets, is not greater than 


in the Planetary regions, is very probable. For 
if there were the leaſt ſenſible reſiſtance in the 
Heavens, the ſame Orbits could not be deſcribed 
by the Planets carried about the Sun, like ſo 
many Projectiles, as have been demonſtrated to 


agree to them, moving freely: But, juſt as in 
our Air, the way of a Projectile is found to be 


very different from a Parabola, which it would 


deſcribe, if there were no reſiſtance; ſo the 
ways of the Planets at leaſt after ſeveral revo- 


lutions, would be found to be very different 
from Ellipſes ; and the Ellipfes e ſame, for 
Magnitude and Poſition, with ſuch as are to be 
22 | : de- 
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deſcribed by Planets, moved in free Spaces, 
would not fo exactly agree with the Places ob- 
ſerved in former times, as well as in the preſent 
Age, as we find by a due Calculation they do. 
Conſequently there is no reſiſtance at all: But 
the Planets and Comets move in the Heavens 
very freely, and therefore their Motion may be 
continued, ſo as to endure fora very long time. 
Which was to be demonſtrated. = 


PRO POSITION XLV. 


HE Secondary Planets move about the Primary 
T according to this Law, that beſides the accele- 
rating Force of the Primary, the Motion of each is 
compounded of an equable one,. along the Tangent to 
the Orbit, and of another tending 10 the Center of 
the Primary, in which the accelerative Force is reci- 


ciprocally proportional to the Square of the diſtance 
from the Center. | 

Laying aſide all the accelerating Force where- 
by the Primary is urged, (as was done in Prop. 20.) 
each Secondary Planet (by Prop. 37.) revolves a- 
bout its Primary in the Perimeter of an Ellipſe, 
having a Focus in the Center of the Primary, 


to which (by Prop. 20.) the Centripetal Force 


WQ tf a Ct tr _ YUVY ww ge”. 


n tends, by which it is drawn off from its rectili- 
Jy neal Motion : (For the deformity of rhe Ellipſe 
Cc ariſing from the Motion of the Apſides, or from 
d any thing elſe, is ſo ſmall that it may well be 
Oo neglected in this place: ) And therefore ( by 
0 Prop. 32.) the Law of the Centripetal Force 
in tending to the Center of the Primary, is, that 
Je it is reciprocally proportional to the Square of 
Id the diſtance from the Center: For by this Force 
* only is a Body drawn off from a Rectilineal 
o- Motion in a Tangent, ariſing from its Viz inſita, 
ne and kept in an Elliptic Orbit. But theſe two 
br Motions (the one equable in the Tangent, the 
4 | X 


other 


* 
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other tending towards the Center of the Prima. 
ry, and increaſing as the Square of the diſtance 
of the Satellite from it leſſens, ) being com. Wl 
pounded, make the Secondary Planet to deſcribe 
an Elliptic Orbit like a Projectile. 4 dy 
— — FS: 3 — | " 
To SECTION VII. 
The Planets and Comets are kept in their 
Orbits by Gravity, which is propagated 
thro' the whole Solar Syſteme according 
to the ſame Law. 


? 
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PROPOSITTON XLVI. 


T H E Force whereby the Moon tends to the Cente er 
F the Earth, is the ſame. with the Force of 
Gravity, whereby all Bodies about the Earth tend to xp 
the ſame Center. 

Let RAE { Fig. 43. ] repreſent the Earth, 7 
its Center, Y L the Orbit of the Moon, LC, a Wb » 
park of it run by the Moon in the ſpace of a 

inute. Becauſe (by Prop. 15.) the Moon fi- 
niſhes its Courſe or whole Circle in 27 days, Mer. 
7 hours, 43 minutes; that is, 39343 minutes it 
of Time; therefore LC is 555775 of the whole rn 
periphery, or 33 Seconds of a degree. Now ce 
the Circumference of the Earth (according to Hin- 
the late menſuration of Mr. Picart) is 123249600 ll, t 
Paris Feet; conſequently its Semidiameter TA is re 
19615800 Feet: wherefore TL the Semidiameter au 
of the Moon's Orbit is 1176948000 Feet; or Wl it: 
ſixty times TA, (by Prop. 15.) And the verſed ran 
Sine LD of the Arc LC, of 33“, and BC, 
which is equal to it, is 15 2 Feet, nearly. The 
Force therefore, whereby the Moon tends to- ou 
ward the Center of the Earth (as by Ver it is 

| awn 
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raw off from its Rectilineal Motion along the 
Tangent LB, and retained in its Orbit, ) is keck 
hat it impels the Moon towards the Center o 
oe Earth, about 15 Paris Feet in a Minute. 
y the preceding Prop. this Force in the Moon 
increas d, as the Square of the diſtance 
rom the Center of the Earth is leſſen d; if 
herefore it deſcend to the Surface of the Earth, 
here the Square of the diſtance from the Cen- 
er is diminiſhed 60 X 60 times, it will be increa- 
2d 60 X 60 times, and therefore twould impel 
he Moon placed on the Surface of the Earth, 
o * 60 X 15 Feet, towards the Center in a 
inutes time. But Gravity is that Force, which 
pels any Body placed on the Surface of the 
arth, the length of 15 Paris Feet towards the 
enter, in the ſpace of a ſecond of time, as 
. Hugens has determined by very accurate 
xperiments, in Prop. 25. Part 4. of his Ho- 
og. Oſcil. Therefore the ſame Force of Gra- 


7 Wy, in the ſpace of a minute, impells a Body 
a WO x 60 * 15 + Feet towards the Center; be- 


zuſe the Spaces run by a heavy Body, in its 
ll, are as the Squares of the Times. Since 
jerefore the Force, whereby the Moon is kept 
its own Orbit, and the Force of Gravity, per- 
rm the like and equal things, and would pro- 
ce the very ſame Effects, in the ſame Circum- 
ances, and tend toward the ſame point, (name- 
, the Center of the Earth,) they are the ſame 
drces ; that is, the Force whereby the Moon is 


er Hawn off from its Rectilineal Motion, and kept 
or its Orbit, is the ſame Force with that we call 
ed {Wravity. Which was to be demonſtrated: 

C, WA diſtance of the Moon, a little greater than 


ty times the Semidiameter of the Earth, 
ould fit the preceding Calculation better, as 


> Which number likewiſe is more agreeable 
H to 


; 1 
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to Aſtronomical accounts: Though we hav 
thought ir.ſufficient to give the meaſure in rounlWl 


Numberös. | | 

1 . SCHOLIUM. 8 
After the ſame manner as the Moon revolve 
about the Earth, any other heavy Body pro 
cted with a Force ſtrong enough, from a give 
Point without the Surface of the Earth, accu 
ding to the direction of an Horizontal Righ 
line, would deſcribe an Orbit, and compleat 
revolution, like a Planet, without touching thi 
Earth; and that continually. Let the Circk 

ABCD[ Eg. 44:] repreſent the Earth, I its Cet 
a ter. Take any Point without the Surface of th 
Earth, as G, from which, let any heavy Bod 

be projected according to the direction of th 
Line G H, perpendicular to the Line TG. Ti 
evident, that if the Body be projected with li 
tle or no Force, (that is, if it be let fall freelz 
it will fall down to the Point 4, directly und 
G; but if with ſome Force, it will reach th 
Earth at the Point B, diſtant from 4, towan 
Hz if with a greater, the Body projected wi 
meet the Earth at C, beyond B. If the projedi 
Force be increaſed, fo as that the Body does u 
13 reach the Earth, till it has got beyond che Poi n 
* E, oppoſite to the Point 4, then aſcending! 
gain towards G, it will compleat the Elli 
3KMEF; and, if not hindered, will per peu 
ally deſcribe it, and fo become a Planer. Har. 
the Projectile in the Point M of its Way, 0 
poſite to G, be leſs diftant from the Earth, tl 
at G; then the Center of the Earth, T, is d 
Focus of the Ellipſe, more remote from G. 
the projectile Force increaſed ſtill, till the Poi ar. 
M and G are equally diſtant from 7, the Path 
Orbit will be a Circle; and, ſtill augmentir-: 


the projectile Force, (all other things contin - 
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7 ng the ſame, ) it will become an Ellipſe, in 
ich 7 is the Focus that is neareſt G, and the 
cher Focus will be removed from 7, proporti- 
nal to the augment of the projectile Force, till 
Wc length, it turns into a Parabola, and then in- 
o an Hyperbola. The ſame things will happen 
Who' H be not perpendicular to TG, exceptin 
hat in this caſe, G will not be the principa 
ertex of the Orbit. The higher the Point G 
s above the Earth, the leſs Force is needful to 
urn the Projectile into a Planet; and the lower 
is, the greater: So that if the Moon ſhould 
e projected with the ſame Celerity as it is car- 
ied now in its Orbit, from a height above. the 
arth of but a mile, like a common Projectile, 
would meet and ftrike the Earth before it had 
n the diſtance of 15 miles. For the Arc 
hich the Moon runs in 20”, is leſs than 15 miles, 
nd a heavy Body in 20” near the Earth in fal- 
g, runs 20 X20 X 15 f or 6033 Feet; that is 

dore than à mile; therefore the Moon wou 
rike the Earth, before it could be projected to 
e diſtance of 15 miles. But if, the action 
Gravity continuing the ſame, and the Earth 
ould be annihilated, all Projectiles (like the 
lanets) would deſcribe Ellipſes, or ſome other 
dnic Sections, whoſe common Focus would 
< =_ point which now is the Center of the 
arth. e's 3 "oY 


1 PROPOSITION XLVII. | 
HE Secondary Planets of Fupiter gravitate to- 
wards Fupiter, the Satellites of Saturn towards 
aturn, and both the Primary and Secondary Planets 
ravitate towards the Sun; and all f them are 
rawn off from their Rectilineal Motions, and kept 
ntinß ; their Orbits by the Force of their Gravity. 
By reaſon of that * of Nature which 
2 15 
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is-obſervable_ in all her Works, more Cauſea 


ought not to be admitted, than are ſufficient u 
explain the Phænomena of Natural things; an 
the natural Effects of the ſame kind are to b 
looked upon as having the ſame Cauſes : Sine 
therefore the revolution of the Medicean Stan 

about Jupiter, and Saturn's Atrendants about Sh 
turn, and of the. Primary Planets about the Sus 
are Phænomena of the ſame kind with the 18 

volution of the Moon about the Earth; thei 
Cauſes. will be the ſame. For the Forces where 
by the Secondaries of Jupiter and Saturn, ant 
the Primary Planets, are drawn off from thei 
Rectilineal Motions, and kept in their Orbit 
reſpect the Centers of Jupiter, Saturn, au 
the Sun, reſpectively, after the fame manner, 1 
the Force, whereby the Moon is kept in its O. 
bit, reſpects the Center of the Earth; and th 
Forces whereby they are urged, increaſe an 
decreaſe by the ſame Law, according to thei 
ifferent Diſtances from the Centers of Jupite 
Saturn, and the Sun, reſpectively, as the Ford 
acting upon the Moon, placed in various Di 
nces from the Center of the Earth; as ls 
been demonſtrated before at large. Con 
peo, ſince this Force in the Moon has bet 
lnewn (in Feet preced.) to be the ſame with tis 
Force, which we call Gravity; that Ford 
whereby the abovemention'd Planets, both Pr 
mary and Secondary, tend reſpectively toward 
the Sun, and their Primary Planets, muſt be it 
fame with the Force of Gravity. Beſides, all tit 
Secondaries gravitate alſo towards the Sun, avi 
their Gravity towards the Sun, is the acceleratit 
Force that is common to each Secondary 21 
its Primary; concerning which, ſee Prop. 2 
and 45. Which was to be demonſtrated. 
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ES Hence it is evident, that there is ſuch a thing 
s Gravity toward; the Sun and all the Primary 
Planets. For fince the Moon and all Terreſtrial 
SDodics gravitate towards the Earth, and the Sa- 
Pellites of Jupiter and Saturn, towards Jupiter 
nd Saturn, reſpectively; and fince the three 
ther Primary Planets, Mercuty, Venus and 
ars, are Bodies of the ſame kind with Saturn, 
upiter and the Earth, (which alſo is evident 
rom their Gravity towards che Sun, before de- 
onſtrated,) tis certain, from the ſimilitude of 
zuſes of the like natural Effects before laid 
own and eſtabliſhed, that there is a Gravity al- 
Wo towards them, whoſe accelerative Force is 
eciprocally proportional to the Square of the 
iſtance from the Center. And becauſe to any 
ind of Action, there is a Re- action, equal and 
ontrary, the Sun likewiſe muſt gravitate to- 
Fards all the Planets, both Primary and Secon- 
ary. Beſides, becauſe it is certain, from Ex- 
ite eriments accurately made, that all kinds of 
oraWodies, at the ſame Diſtance, and in equal 
imes, run equal Spaces in their Falls towards 
he Earth, and that the quantity of Motion of 
nequal Bodies, equally accelerated, is as the 
juantity of Matter. All Bodies, of what Na- 
re ſoever, in equal Diſtances, gravitate to- 
ards the Earth proportionally to their quan- 
ties of Matter. And fince no doubt but the 
var ature of Gravity towards the Sun and Planets, 
the ſame as towards the Earth, (which is ſuf- 
ciently manifeſt from what has been already 
aid, as alſo from hence, that the Primary Pla- 
ets and their Satellites, that is, Bodies very un- 
au qual, deſcend toward the Sun with an equal 
p. ccelerative Force, juſt as Bodies unequal in 
Magnitude and Denſity fall with equal Celeri- 
H 3 ries 
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ties towards the Earth ;) tis evident that all Bo. 
dies gravitate towards the Sun, and each of the 
Planets; and their Gravities towards any one, 
at equal Diftances from its Center; are propor. ""Y | 
tional to the quantities of Matter in each. Ani . 
becauſe all Action is mutual, the Sun and Pla. 
nets gravitate according to the ſame Law toward . 
all Bodies, and conſequently all Bodies towar 
ichen tf FRG 2 
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T HE Force or Efficacy f anj Virtue propagatu 
- from a Center, or to a_ Center; in Right li 
every way round about, in different places, is reciwiui 
cally proportional: ts the Square of the Diſtance of th 
place from the Center. THTAEZ gen 
Let 5, | Fig. 45.] be the Center, from which o. 
or to which, the Virtue is propagated, roundii o 
deſcribe two Spherical Surfaces IT E, M4, 4 
any diſtances, ST, S M. I ſay the Force ara 
Efficacy of the Virtue in 7, is to the Force d 
the ſame. in 24, as 8 Ad, to S T4. 
The ſame Virtue equally diffuſed and ſprea M3 
thro a double Space, will be twice as little i Hint. 
any given part: And if it be diffufed thro the 
triple Space, it will be three times as littè rat: 
And, univerſally, the Efficacy of the Virtuei cel. 
reciprocally as the Space into which it is di 
fuſed; becauſe tis directly as the conſtipariat 
of the Virtue. But any Virtue, which in th 
diſtance S 7 from the Center, is equally dif 
ſed thro' the Spherical Surface I E, in the d the 
ſtance 8 A, is diffuſed thro the Spherical Su Bot 
face M A, after the like manner. The Efficao tiv. 
therefore of that Virtue, in the diſtance 51% the 
is to the Efficacy of the fame in the diſtanc wa 
S A, as the Spherical Superficies 4.4, is 15 a (b. 
72 Jy: 
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„spherical Superficies TE; that is, as S M9 
eto 57 Which was to be demonſtrated. 
ot chis kind are the Virtues or Effects of 

Tight, Heat, & c. and alſo of Gravity, as is 
ndent from what has been already demomſtra- 
ed. But ſome other Virtues, as thoſe of the 
oadſtone and Amber, are of another kind. 
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+, - PROPOSITION MIIX. 

IHE actelerative Gravities towards different 
1 Bodits, in equal dift antes, ave as the Bodięs 
themſelves toward which they tend. — 
Let there be any two Bodies A and B Fig. 46.] 
in any places A and B; they (by Corol. Prop. 47.) 

vill gravicate towards one another: And ſince 
be Reaction is equal and contrary to the Action, 
he Gravity or Motive Force of the Body 4 
owards B, is equal to the Gravity or Motive 
Force of B towards 4. But the Motive Force 
eſults from the Quantity of Matter or Maſs 
drawn into the Accelerative Force, juſt as the 
Quantity of Motion from the Quantity of Mat- 
ter drawn into the Celerity : The Quantity of 
Matter therefore, or Maſs of the Body A, drawn 
into its Accelerative Force towards B, is equal to 
the Maſs of the Body B drawn into its Accele- 
rative Force towards A4. Conſequently the Ac- 
celerative Force of the Body A towards B, is 
to the Accelerative Force of the Body B to- 
wards 4, as the Maſs of the Body B, to the 
Maſs of the Body 4: But the Forces (treated 
of here,) are the Gravities, and the Maſſes of 
the Bodies are the Quantities of Matter or the 
Bodies themſelves : And therefore the Accelera- 
tive Gravity of the Body 4 towards B, is to 
the Accelerative Gravity of the Body B to- 
wards A, as the Body B, to the Body 4. But 
(by what has been demonſtrated above,) all 

| _- Yr Bodies 
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Bodies placed in an equal. diſtance from the 
Body B, with that of the Body 4, have an ac. 
celerative Gravity towards B, equal to that of N 
A; and all Bodies placed in a diſtance from the i 
dy 4, equal to that of B, have an Accelers. 
ge Gravity towards 4, equal to that of B; and 
the diſtance of the Body 4 from the Body B, i 
equal to the diſtance of the Body B from the 
Body A, and the Diſtances and Bodies are taken 
at pleaſure. Therefore the Accelerative Grz 
vities towards different Bodies, in equal di. 
ſtances, are as the Bodies themſelves. Which 
was to be demonſtrate. 
eee 
From hence it follows, that if Gravity bi 
conſider d as the Attractive Force of the Body 
towards which it is directed, propagated as it 
the preceding Propoſition; the Abſolute Force 
of the attracting Bodies are as the Bodies to whicl 
they belong. For the Abſolute attractive Foro 
of the Body 4, is to the Abſolute attractin 
Force of the Body B, as the Accelerative ai; 
traction of all Bodies towards A, is to the Ac. 
celerative attraction: of all Bodies towards! 
in equal diſtances. But, in equal diſtance 
the Accelerative attraction of all Bodies 5 
the ſame with the Accelerative attraction o 
any Body, and theſe Accelerative attraction), 
by this Propoſition, are as the Bodies towart 
which they tend; that is, as the Attracting 
Bodies themſelves: And therefore, ex quo, tht 
Abſolute Forces of Attracting Bodies are a 
the Bodies themſelves, to which they be- 
long. And hence again, and from what goe 
before, (by Prop. 23. El. 6.) we may conclude 
that the Accelerative Force of the Body 4, 
gravitating towards B, is to the Accelerative 
Forge of the Body C, gravitating towards B. 
y W 
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be in a ratio compounded of the ratio of the Body 
B to the Body D, and of the duplicate ratio of 
the diſtance between C and D to the diſtance 
between A and B: And that the ratio of the 
IS weight of the Body 4 to the weight of the 
Body C, is compounded of the abovemention'd 
i compound ratio, together with the ratio of th 


- Body A to the Body C. | 
4 SECTION VIII. 


Of the Motion of Bodies attracting one 
another, and the Affections; which are 
all applied to the Syſtem of the Sun and 
Primary Planets, 4 


ProPosITION L. 
ITI. Bodies attracting one the other, and revolving 
about one another, deſcribe ſimilar Figures, both 
about themſelves, and ahout the common Center of 


*\ Gravity. | | 

a In Prop. 29. and the following ones, we have 
Ac explain'd the Motions of Bodies attracted to an 
; 1 immovable- Center; for it is moſt proper to 
ce begin with the moſt ſimple Caſes. But becauſe 
the Attractions are made to Bodies, and Bodies 
; oY attra& one another; as has been before demon- 
on; ſtrated: When a Body revolves about another, 
ard the attracting Body it ſelf can't be at reſt ; but 
ing both being acted upon by a mutual Attraction, 
the do revolve about the common Center of Gra- 
> vity. And if there were more Bodies that mu- 
be · tuall/ attracted one another, they would ſo 
2068, move among themſelves, that the common 
ude Center of Gravity might be either at reſt, or 
in an uniform direct Motion. For it is well 
tive known to Geometricians, that the common 
; Dl enter of Gravity does not change its ſtate of 


; Motion 


l , * 
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their Center of Gravity C, is either, at reſt; or 


moves uniformly in a Right line: I ſay that the 


the ſame manner, are ſimilar. fe ay 


provided every moment, the ratio of Cp to C/, 


Motion or Reſl, by reaſon the action of Bodie 
upon one another; as has been demonſtrated 


by Mr. Wren and Mr. Hagen. * 1 7 
Method therefore requires us to conſider the 
Motions of Bodies, as was ſaid, attracting one 
another; namely, the Orbits they deſcribe, 
and the other generals, wherein a Syſtem of 
Bodies acting upon one another mutually dif. 
fers from the Syſtem ſuppoſed above; and that 
in the firſt place univerſally, whatever the Law 
of mutual Attraction be. 

Let S and P Hg. 47. ] be che two attracting 
Bedies, which, revolving mutually about one 
another, deſcribe the Curves Sf, Pp, While 


(which does not diſturb the Demonſtration,) 


four Figures, namely, SC, Pyc, that which $ 
deſcribes about P, conſider'd as immovable, and 
that which P deſctibes about 5, conſider d after 
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Becauſe & and P continuing the ſame, the ratio 
of CP to CS, during the Motion, will likewiſe 
continue the ſame; becauſe, from the nature 
of the Center of Gravity, it is the ſame with 
the reſpect to the Bodies $ and P: And ſince the 
Angles PC p, SC, are every where equal, (be- 
cauſe: C is in the Right line connecting the Bo- 
dies,) the Figures S/ C, PpC will be ſimilar. 
For the Figures Pp C, S/ C, are ſimilar, which 
the Right line p C/, deſcribes with an Angular 
Motion about the Point C, conſider d as at reſt, 


be the ſame with that of CP to CS. 
Again, becauſe the ratio between SC and Cp 
is always given, by compounding, the ratio of 
fp to Cp is likewiſe given, and the Line p C/ 
continues a Right one: And therefore — 
CE * A 
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has been ſaid) the Right line Cy about the Point 
c, and the Right line / about the Point /, con- 


. | ſidered as at reſt, deſeribe ſimilar Figures. Be- 


the Figures whereof one is deſcribed by 
_- * — as at reſt, the other deſeribed 
by / about p, conſidered likewiſe as at reſt, are 
fimilar and equal, (as is demonſtrated in Optics,) 
becauſe ſy is the fame in Magnitude and Poſi- 
tion with pſc Wherefore the four Figures pro- 
poſed are 3 Deine 


Pant e ROPOSLFION: Il. bh, 
F two Bodies S and P attract one another by 
Forces, and in the mean while revolve about 
common Center of Gravity C; IL ſay, that a Figure 
may be deſcribed, by the ſame Forces about either of 
the Bodies conſider d as at reſt, ſimilar and equal to 


the Figures, which the Bodies ſo moved deſcribe about 


ene elend | ads 1 

Suppoſe the Orbits PR, SQ | Fig. 48.] to be 
deſcribed firſt about the Point Cat reſt, and 
the Points / and pany places at pleaſure, to which 
the Bodies & and P arrive at the fame time. Let 
the Right line Cp be ſuppos d to move parallel 


do its ſelf, till the point / coincide with S, and 


let this be done in all the correſponding points 
of the Curves S. O, P R; "Tis evident, that 
when- comes to 5, the other extreme of the 
Right line /p, thus moved parallel to it ſelf, will 
arrive at the point , in the Curve Pe, which 
the Body P would deſcribe about the point 5, if 
G being at reſt) P ſhould revolve about it, be- 
ing attracted by the ſame Force as the Bodies did 
before mutually attract each other: For the pa- 
rallel Motion of the Right line p, makes no 
alteration in the Forces, with which the Bodies 
attract each other. But the ſame P is the Line 
which P deſcribes about 5, conſidered as at reſt: 
þ | | For 


\ 
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For thus it really continues at reſt; and the 
length and inclination of the Right line Sæ to 
SP, is the ſame of that with / p. Since there- 


fore theſe Figures are congruous, they are equal 
and ſimilar. And what has been demonſtrated 
concerning the Figure, which P deſcribes about 
S, is true of the Figure, that S deſcribes about 


P, looked upon as at reſt, namely, that it is 
equal and ſimilar. But if the Center of Gravity 
C go forward uniformly, by ſuperinducing up- 
on the Syſteme of the Bodies S and P, an equal 
and contrary Motion, all things will be reduced 
to the former Caſe: But there is no change 
made by this uniform Motion along parallel 
Right lines, in the Forces of the Bodies S and P. 


Therefore the Propoſition is certain in both 


Caſes. Which was to be demonſtrated. 
| _ * COROLLARY. 

Two Bodies mutually attracting one another, 
by any Forces, and revolving about the Center 
of Gravity, deſcribe, by Radii drawn to that 
Center and to one another, Areas that are pro- 
portional to the Times. r 

a COROLLARTY2. 

Becauſe a Body revolving about another im- 
movable one, and attracted to it by a Force re- 
ciprocally proportional to the Square of the Di- 
ftance, would deſcribe (by Prop. 39.) an Ellipſe, 
or ſome other Conic Section, one of whoſe 
Foci coincides with the Center of the Body that 
is at reſt; it follows, from this Propoſition, that 
two Bodies attracting one another, by Forces 


reciprocally proportional to the Square of the 


Diſtance, deſcribe, both about the common 
Center of Gravity, and about one another, 
Conic Sections, having their Foci in the Center, 
about which they are deſcribed. And conſe- 
quently, if ſuch Figures are deſcribed, the Cen- 
3 | tripetal 
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tripetal Forces are reciprocally proportional to 
the Squares of the Diftance. $577 


ProPostTIiON III. 


IF two Bodies attracting one another by any Forces 

whatever, mutually revolve about one another, 
their Motion will be the ſame, as if they did not at- 
tract one another, but both were attratted with the 
ſame Forces by a third Body placed in the common 
Center of Gravity. And the Law of the attractive 
Forces will be the ſame, in reſpett to the diſtance of 
the Bodies from that common Center, and in reſpect to 
the whole diſtance between the Bodies. 

For the Forces, whereby the Body P [ Fig.47.] 
tends to S, are directed to any point whatever, 
in the Right line PS produced towards S. And 
in like manner, the Forces of the Body 5, are 
directed to any point whatever, of the ſame 
Line produc'd towards P. But C is the only 
point of the Right line SP, produced both 
ways, that continues at reſt, in every ſituation 
of the Bodies ; and therefore C is that point, to 
which the Bodies P and S tend, with the ſame 
Forces, as they attract one another. 

Again, becauſe the Bodies that revolve are 
given, and the ratio of the diſtance of either 
of the Bodies from the common Center, to the 
diſtance of the ſame Body from the other. And 
conſequently the ratio of any Power of the 
diſtance of the one, to the like Power of the 
diſtance of the other, is given; as alſo the ra- 
tio of any, Quantity, which is any way com- 
pounded of one diftance and any given Quan- 
tities, to another Quantity, which is in the like 
manner compounded of the other diftance and 
as many given Quantities, having that given ra- 
tio of the Diſtances to the former. Wherefore, 
it the Force, whereby one Body is attracted by 
| the 
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the other be directly or inverſlyas the diſtance of 


Points (D and 4) ſimilarly poſited, tend to- 


erg 


the Bodies from one another, or as any Power 
of this diſtance; or laſtly, as any Quantity com- 
pounded any how of this diſtance and the Quan- 
tities given ; this ſame Force, whereby the ſame 
Body 1s. attracted to the common Center of 
Gravity, will be in like manner directly or re. 
ciprocally as the diſtance of the attracted Body 
from that common Center, or as the ſame Pow. 
er of that diſtance, or laſtly, as a Quantity com- 
pounded after the ſame manner of this diſtance 
and of the analogous given Quantities: And 
therefore there will be the ſame Law of the at- 
tractive Force in regard of the diſtance from the 
Center of Gravity, as there is in regard of the 
diſtances of the Bodies. Which was to be de- 

monſtrated. 12 1 * 
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1 PRO POSITION LIK. _ 
THE Periodic Time of two Bodies, S and P, [Fig 
9 49.] revolving about the common Center of 
Gravity C, 55 to the Periodic Time of any other Bod) 
P, revokving about the other immovable point S, 
(attracting with'the ſame Forces,) in the ſubduplicat 
ratio f the Body 8, to the aggregate of the Bodies » 
„ fe EN 
Let the Body p, equal and ſimilar to P, be 
imagined to deſcribe the Orbit p dr, about /, 
at reſt, and ſimilar and equal to S. The Figures 
CP D R, ſp dx, (by Prop. 50.) are ſimilar; and 
the Forces whereby the Bodies being in any 


Nr 


ww 2 
Dn => 


api. Ks 


ward the Centers C and /, are equal; becauſe, 
(by Prop. 51.) the Force whereby the Body D 
tends to E, is equal to the Force whereby the 
Body d tends ro ſ. And, by the preceding 
Propoſition, the Body D tends to the C, with 
the ſame Force as to E. And therefore, (9 
* a Corol. 
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Corel. 2. Prop. 26, and Scbol. Prop. 27.) the Square 
of the Periodic Time of the Body P, moving 
in the Orbit P D R, is to the Square of the 
Periodic Time of the Body p, in the Orbit 
pdr, as the Right line C P to the homologous 
Right line / p; chat is, as C to SP: that is, 
(from the nature of a Center of Gravity) as the 
Body S to S ＋ P. Wherefore the Periodic Time 
of the Body P in the Orbit P D R, (or of the 
Body S in the Orbit SE L) is to the Periodic 
Time of the Body p in the Orbit p dr, in the 
ſubduplicate ratio of the Body 5, to the aggre- 


gate of the Bodies $ and P. Which was to be 
demonſtrated. 


PROPOSITION LIV. | 
I fo Bodies S and P, attracting one another by 
t 


Forces reciprocally proportional to the Square of 
eir diſtances, revolve about the common Center of 


Gravity; I ſay, that the greater Axe of the Ellipſe, 
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9 which either Body P deſcribes by this motion about the 
Ferber 8, (in the manner deſcribed in Prop. 50.) 4s to 
te greater Axe of the Ellipſe, which the ſame. Body 
S, P- might deſcribe] about the other S at reſt, (as in 


Prop. 51.) in the ſame Periodic Time, in the ſubtri- 


; 3 PDzeate ratio of rhe Fn of the Bodies $ and P, to 
the quieſcent Body S. 

be Ik the Ellipſes deſcribed about. the movable 
Ah and quieſcent Body S, by the Body P, were e- 
res qual, the Periodic, Times in them.(by Prop. 51, 
ind 53.) would be in the ſubduplicate ratio of the 
ny Body S, to the aggregate of the Bodies & and P. 
to- Imagine the laſt Ellipſe to be changed, till the 
aſe, WF Periodic Time of the Body, P - (deſcribing this 
y D WR Ellipſe about the quieſcent Body S,) become e- 
che WF qual to the Pemodic Time of the Body P revol- 
ing ving about the Body S; (as we ſuppoſe in this 
vich WF Propoſition 3) that is, till the Periodic Time in 


this 
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this being leſſen d may be in the ſaid ſubduplicate 
ratio of the Body 5, to the ſum of the Bodies 5 Wi: 
and P. But becauſe (by Prop. 40.) in the preſent lh 
caſe, the Squares of the Periodic Times are 23 
the Cubes of the Tranſverſe Axes, the Periodic 
Times themſelves will be in the ſeſquiplicate 
ratio of the ſaid greater Axes. The greater Mi 
Axes therefore of the latter Ellipſe, being leſ. 
ſen'd, is in a ratio, whoſe feſquiplicate is the 
ſubduplicate ratio of P to S + P; that is, in 
the ſubtriplicate ratio of S to S: (For 2 of 
zL==:) and conſequently is to the unvaried 
Axe (equal to this before it was leſſen d) of the 
other Ellipſe, deſcribed about the Body S, in 
the ſubtriplicate ratio of 5, to $ + P. And 
therefore inverſly, the greater Axe of the El. 
lipſe deſcribed about the movable Body 5, is to 
the greater Axe of the Ellipſe deſcribed about 
the quieſcent Body 5, in the ſame or an equal 
Time, in the ſubtriplicate ratio of the ſum of 
the Bodies $ + P, to the quieſcent Body 5. 
Which was to be demonſtrated. 


PROPOSITION. LV. 


HE Law of Attraction being the ſame as be 

fore, I ſay the Orbit P R, (Fig. 50.) of the 
Body P, comes nearer to an Ellipſe, whoſe Focus is C, 
the common Center of Gravity of the Bodies S and M, 
than to an Ellipſe, whoſe Focus is the Center of it S; 
and that the Areas deſcribed by Radii drawn to C, 
are more proportional to the Times, than the Areas di- 
ſcribed by Radii drawn to the Centre of it S. 


For the attractions of the Body P., toward 5 
and M, compoſe its abſolute Gravity, which is 
directed more towards C, the common Center 
of their Gravity, than towards the greater Bo- 
dy it ſelf S, and which is more nearly recipro- 
cally proportional to the ſquare of the diſtance 
3 P C , 


4 * 5 
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ec, chan to the ſquare of the diſtance PS: 
Sor this laſt would then hold preciſely, when 
becomes nothing; and the ſame thing would 
ue true of 24, if i: ſhould increaſe till it im- 
c neally exceed S. Tis certain therefore, that 
he Forces, in the preſent Caſe, are directed to 
Wome Point lying berwixt S and u, and nearer }. 
he greater of them, as is the common Cen- 
er of their Gravity C; which alſo is that 
Point where the Natural Forces of any kind 
F heavy Bodies placed round about it, are 
nited and concenter'd: for the aggregate 
f ſeveral heavy Bodies is moſt juſtly looked 
pon to be there, where-the conimon Center of 
eir Gravity is; as it is well known by Philo- 
pphers. What therefore was propoſed is evi- 


ant and certain. Which was to be demonſtra- 
d. : 


PzorosiTION LVL 
Uppoſing the ſame Laws of the Attraction, I ſay the 
WJ external Body P deſcribes Areas more nearly pro- 
tonal to theTimes, about the common Center of Gra- 
ity C, of the internal Bodies S and M, by Radis 
awn to that Center, and an Orbit coming up nearer 
the form of an Ellipſe, having a Focus in that Cen- 


C. if tbe moſt internal and biggeſt Body S be agita- 
M,. #7 theſe Attractions, juſt as the others are, than 
SR /o be it ſhould be at reſt, not being attratted at 
C. oer much more or much leſs attratted, or much 


ore or much leſs agitated. 
By the Prop. preced. it is evident, that the 
enter to which the external Body P is urged 
neareſt the Center of Gravity of the interna 
dies S and M. If that Center coincided with 
bis common Center, and the common Center 
Gravity of the three Bodies S, M, and P, 
ere at reſt; P on one ſide, and the common 
7 "lM Center 
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Center of 5 ae Ein on the other, would de. 
ſcribe accurate Ellipſes about the common 


Center of alf three, being at reſt, and as i 4 
were the common Focus, by Corel. 2. Prop. 51, 


And therefore the. erturbarion of the ſai Mo. 
tions (in the Ellipſes) will be very ſmall, when 
the common Center of Gravity ot three Bodic ( 


„M, and P, Is at reſt: And it is at reſt, if ti 


Body S be agita: ed after the ſame manners 
3 others are; as was ſaid before. And there 
0 


re the perturbation will be the leaſt, when ji 


s attracted by the ſame Law as the others are 
Vhach was to be demonſtrated. 


ee COROLLARY. 


After the ſame manner, if more leſſer Bodigff 


revolve about the reateſt, it may be inferrel 
that the Orbits deſcribed come nearer to Ellip 
ſes, and the deſcription of the Areas mores 


quable, if all the Bodies mutually attract ons 


another with accelerative Forces, which are 
their Maſſes directly and the Squares of the 
diftances inverſely, (for this is to be agitate 
juſt as the others are, ſuppoſing the Law of tht 
attractions to be the ſame with that in the Pro 
poſition ;) and the Focus of each Orbit be place 
in the common Center of Gravity of all thei 
ternal Bodies, than if the greateſt Body were 
Or and made the common Focus of all tis 
roles.” . 


Pidporivien LVII. 
Everal Bodies, whoſe Accelerative Forces art | 
one another 9 as the Squares of ik 
diſtances from their Centers, may be moved in Eli 
ſes about a great one, and deſcribe Area's nei 


ty proportional 70 the Ted 4 Radi draws 
that Body. ths 4 
\ hs 0 


Doe 


ell 
ac 
el 
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let the ſeveral leſſer Bodies P, p, 2, Boch 1.1] 
> Id 


ee ſuppoſed to "revolve about a great Bo 


: And becauſe the common Center of Gravi- 
y of them all docs not change its ſtate of Mo- 
Won or Reſt, by the mutual actions of rhe Bos 
es upon one another; (as was explain d before, 

nd we ſuppoſe them free from all other exter- 
al agitation or impediment; that Center may 
be at reſt. If now we ſuppoſe the leſſer Bodies 
„ p, , to be ſo little in compariſon to the 
great one 8, as that it is never ſenſibly diſtant 
rom the laid common Center of Gravity, then 
hat great one & will be likewiſe very nearly 
ac. reft ; but the leſſer Bodies will revolve about 
his greater in Ellipſes, having the great Body 
n.the common Focus; and therefore they will 
leſctibe Areas, by Radji drawn to ir, proporti- 
dnal to the Times; bating the Errors ariſing 


ther from the Aer of the greateſt Body 
eom che common Center of Gravity, of from 
heine mutual attractions of the leſſer Bodies upon 
tel e anpther. But theſe leſſer, Bodies may be 
en de till that 9 7 or thoſe mutual at- 
benz be lels than any given ones. And 
e erefore ſeveral Bodies may move about a 
u reat one in Ellipſes, and by Radii drawn to 


ts Center, deſcribe Areas proportional to the 
Times, ſo. as that the Errors committed (or 
hat hinders them from being exact) may be 
ſs than any aſſignable; chat is, indefinitely 
ear. Which was to be demonſtrated. 
re | ee een NEL 68 
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b Y the mutual aclion of the Sun and any primary 
1 Planet, the Planet deſcribe an Ellipſe, whaſe 
nt is tbe common Center of Gravity of the Sun and 

be ſaid Planet. But by the adi mar 
he ſai tanet. But by the action of the primary 
lanets upon one another, the Orbit of ach is nearly 
: N | an 


* 
838 


vity of the Sun, and all the inferior Planets. 


nearly, by the preceding: And that this is al 


in the Center of the Sun;Venus,an Ellipſe whok 


manner, the actions of the primary Planets uf 


1 * 
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an Ellipſe, whoſe Focus is the common Center of Gra i 


f the primary Planets gravitated towards the 
Sun, and not the Sun towards the Planets, each 
primary Planet would deſcribe an Ellipſe about 
the Sun's Center at reſt, as a Focus; as was de. 
monſtrated in Prop. 42. And if the Maſſes of 
the Planets were inſenſible in compariſon to the 
Maſs of the Sun, the ſame would hold ver 


moſt the caſe of the Solar Syſtem, is evident 
from Prop. 34. But becauſe (by Corol. Prop. 47.) nat 
only the Sun gravitates towards a Planet, bu 
a Planet alſo towards the Sun, and befides a PR 
net is not a Maſs intirely infenſible in regard off 
the Sun; each Planet (by Corel. 2. Prop. 51.) d 
ſcribes an Ellipſe, whoſe Focus is the comma 
Center of Gravity of the Sun and the alli 
Planet: And (by Prop. 54.) the greater Axe d 
this Ellipſe, exceeds the greater Axe of the E 
lipſe which the Planet would deſcribe aboutt 
Sun being ar reſt, in the ſame or an equal Tim 
in the ſubtriplicate ratio of the ſums of the M. 
hs the Sun and Planet, to the Maſs of ti 
. 

Beſides, becauſe (by the abovementioned Gm 
Prop. 47.)the Planets gravitate towards one an- 
ther, and the Sun is agitated by the ſame att 
ctions as the Planets ; Mercury, (by Prop.go. ) wil 
deſcribe very nearly an Ellipſe having theFoa 


Focus is in the common Center of Gravit 
of the Sun and Mercury, and fo on; each pf 
mary Planet will deſcribe an Ellipſe, whoſe Ft 
cus is in the common Center of Gravity of t 
Sun and all the inferior Planets. And after th 


on one another, are conſidered, and reduced 
a ſtandard, SECT 
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5r4- ; der 
1 SECTION IX. 
ac pe the Motion of a Syſtem of Bodies, 
d which revolves about another Body; all 
. (8 which is applied to the Syſtem of the 
Sun and Planets Primary and Secondary, 
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PrxoposITION LIX. 


HE common Center of Gravity of a Syſtem of 
two or more heavy Bodies, revolving about one 
mother in Ellipſes, may move in an Ellipſe, or any 
ther Conic Section, about another greater placed in h 
os, of the Ellipſe, and may deſcribe, by Radii 
ran to the Focus, Areas proportional to the Times, 
definitely near. | 
= Let us fuppoſe a Syſtem of two Bodies re» 
olving mutually about one another (as in Cor. 2. 
Prop. 51.) and another Syſtem of leſſer Bodies 
L, I, a, revolving (after the manner deſcribed 
mein Prop, 57.) about a great one P, [ Fig. 52.] to 
go on uniformly in a Right line, which is evi- 
lently poſſible: (that is, for its common Center 
df Gravity to move along Right lines, for in- 
un ance, PR;) and in the mean while to be urged 
ö aterally, by che Force of another great Body 
is S, placed at a great diſtance, and forced to 
move in the Curve PH, being drawn off from 
he Right line PR And becauſe equal Acce- 
lerative Forces impreſſed along parallel Right 
in nes don't alter the ſituation of the Bodies to 
one another; but cauſe the whole Syſtem, pre- 
ſerving their Motions in regard of one another, 
to be transfer'd at the ſame time together: Tis 
evident that there will ariſe no alteration in the 
Motion of the Bodies 1 attracted, * 
3 the 


13 nostri 
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tlie Attractions, towards the greateſt Body g 
but from the inequality of the Accelerative at. 


tractions, or ff&ft the fhblinatibſt of the Lins Wi 
ta one another Nes to which the ay "1 


Hons. are, made. ow the dift4hce of d 
greateſt Body may de incredſed, kill the diff. 
rences bf the Right lines dra from it to the 
Bodies of the Syſtem in Motion (namely, the 
great one P, and the leſſer L, I, N in reſpect to 
the Lines themfUlves this drawn, and the Incl. 
nations to one another, become leſs than am 
given ones. And ſince all the Accelerative at. 
trations towards &, by the Hypotheſis of Gra. 
vity; are reciprocally as the Squares of the Di 
ſtandes; theſe (in this eaſe) differ from equi 
Forves,- by à difference which is leſs than an 
given one: And therefore the Motions of the 
parts of the Syſtem P, with its Bodies L, 1; 
wilt perſevere after the ſame manner as before 
when the greateſt Body 8 did not attract tha 
Syſtem and the whole Syſtem attracted ak 
ter the manner of one Body; will deſcribe by ul 
Center of Gravity, (ih which the whole Syſtem 
of the heavy Bodies P and L, I, x, is ſuppoſed 
to be contracted and united, as in other Philo- 
ſophical caſes,) a Conic Section whoſe Foci 
is S; and by à Radius drawn to that greatel 
Body, will deſeribe Areas proportional to the 
Times: And tlie errors which are over and + 
bove, may be leſſen'd at pleaſure; by increaſing 
the diſtance of the Body S. Therefore the 
- Center of Gravity of a Syſtem of Bodies]. 
and L, I, x, may move in an Ellipſe yery near 
IV. 2. E. D. | EU : FP 
When a Syſtem of two Bodies revolving about 
one another, or of a great Body with leſſer Bodies 
revolying about it, is moved about a greater; the 
| | Motion 
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Motion of the parts of the Syſtem amor, 
chemſelves will be ſo much the more diſturbed, 


6 


as che greater Body approaches nearer the ſa 
2 yſtem: Becauſe the inclination of the Lines 
va drawn from the greater Body to thoſe parts; is 
fe. greater, and the inequality of the ratio likewiſe 
he 


greater; and, in one word, becauſe there is a 

greater recets made from that caſe, wherein 
there is no perturbation at all; namely, when 
the Body & is at an infinite diſtance. 


ny ele, OODSULENMEAE: 2. * 
wt From whetice, on the contraty, if the patts 
. of 2 Syſtem of the Body P and the leſſer re- 
A volving Bodies L, I, a, move in Ellipſes or Cir- 


cles), without any conſiderable perturbation; tis 
manifect, that the ſame are only urged very 
ſlightly by any Accelerative Forces tending to- 
wards other Bodies, or that they are urged e- 
W qually,and along parallel Lines, indefinitely near. 


P RopPOSITTION LX. 


af hee 

I F a lefs Body L | Fig. 5 3. ] revolve about a great 
en one T, (as in Corol. 2. Prop. 5 T.) and the Syſtem 
fel F tbeſe two revolve about a greater S, (as in the 
lo- BY preceding ,) and in theſe three Bodles, if the Accele- 
cave attractions of any two, towards the third, be 
<7 cciprocally. as the Squires of the Diſtances from it; 
the let it be propoſed to ſhow in general the Errors com- 
E mitted by the Body L, together with the cauſes and 
ng reaſons of them; namely, why the Body L does not, 
che % 4 Radius drawn to T, deſcribe Areas exattly pro- 
„ portional to the Times, and run in the Perimeter of an 
a. Ellipſe, one of whoſe Foci is T. I 


Becauſe the Body L is ſometimes more, ſome- 
times leſs diſtant from the Body 5, let SK be 
its mean diſtance ; which may-likewiſe expreſs 


lie: the Accelerative attraction of the Body L to- 
rhe wards S, in that. mean diſtance. Let the place J. 
o 14 of 


- 


at pleaſure: And in S L, produced if need be, 


of the diftance L 7, the Force compounded d 


nt deſcribe the Perimeter of an Ellipſe, whole 


of the leaſt Body in its Orbit B C G D, be taken 


let the Right line $ A be taken, ſo as that it h 
to S K in the duplicate ratio of & K to S L, which 
conſequently. will expreſs the Accelerative at 
traction of the Body L towards S, when it ß 
in the point L, thus aſſumed ; becauſe, (by ſup. 
poſition,) the Accelerative Force in L is to the 
Accelerative Force in K, in the duplicate ratio 
of SK to S L; that is, (by conſtruction, ) as 84 
to S K. Connect TL, and through 4 dray 
A M parallel to it, meeting S J in M. 
The Attraction 5 A of the Body in L ty 
wards S, may be reſolved (as is well known, 
into the Attractions AM, MAS. Wherefore thi 
Body L will be urged by a threefold Accelen 
tive Force; one tending to 7, and ariſing fron 
the mutual attraction of the Bodies L and 7. 
by this Force alone, the Body L, by a radiy 
LT drawn to the Center of the Body T, woul 
deſcribe Areas proportional to the Times, an 
an Ellipſe, whoſe other Focus is in the fad 
Center. The other Force, whereby L is urged 
is expreſſive by A , and is parallel to the di 
rection of it ; which becauſe it tends from Lt 
T, adding the former Force, will with it. com. 
poſe another, whereby the Areas deſcribed, 
will ftill be proportional to the Times, (by C- 
rad. 1. Prop. 5 1.) But becauſe this Force, as 4 M, 
is not reciprocally proportional to the Square 


this and the former, will not be ſuch; but wil 
recede from that proportion, and that ſo mug 
the more, as (other things being alike) this neu 
Force added to the former, and repreſented bj 
AA, is greater. Conſequently the Body I. 
which is urged: by this compound Force, wil 
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Focus is 7; (for to this a Force tending to 7, 


and reciprocally proportional to the Square of 


e diſtance from it, is required by Prop. 39. 


put will cauſe its Orbit to have ſome digreſſion 


rom an: Ellipſe, whoſe Focus is 7; and that 
ligreſſion will be ſo much the greater, as this 
ompound Force (whereby L is urged,) recedes 


from a Force reciprocally proportional to the 


Square of the diſtance from 7; that is, (as has 
been ſhewn,) the greater the ſuperadded Force 
repreſented by A M, is, in reſpect to the Force, 
whereby L is attracted to T, other circumſtan- 


ces being alike. Again, the third Force, where- 


by the Body L is urged, which the Right line 


is repreſents, acting according to the directi- 
on of it, (namely according to the direction of 


L F parallel to M S) ſuperadded to the former 
orces, will compound another, whoſe directi- 


Won is not from L towards 7; but along a Right 
line declining from thence towards F, more or 
leſs, according to the ratio of this third Force 

to the ſum of the former Forces. And there- 
fore the whole Force, compounded of all three, 


whereby L is urged, ſince it does not tend to 7, 


(by Prop. 40.) will make the Body L deſcribe 


Areas not proportional to the Times, by the Ra- 
dius L T. And the digreſſion from that ſimilitude 
of the ratios between the Areas deſcribed and 
the Times in which they were deſcribed, will 

be ſo much the greater, as the ratio of this third 
Force acting according to the direction of L F, 
to the former Forces, is greater. Beſides, the 

ſuperaddition of this third Force will induce 
a deformity in the Elliptic Figure of the Orbit, 
on a double account, both becauſe it is not di- 
rected from L to 7, and becauſe it is not reci- 
procally proportional to the Square of the di- 
fiance ; and the deformity is ſo much the great- 


ft 
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Which therefore diſturbs the proportion of th 
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er, as, other things being alike, this Force MSH 
greater. In the Right line S7, (from & toward 
T) take SN, to $K in the duplicate ratio of 5x 
to S; the Accelerative attraction of the Bod) 
T towards 8, will be expreſs d by SN. If the Ac. 
celerativenttractions SM, SN, be equal, (as in the il 
24 of theſe Fig.) they will not alter the ſituation 
of the Bodies T and L to one another, by acting 
upon them equally, and according to paralle 
Right lines: But the Bodies & and 7 approach. 7; 
ing nearer to one another, the motions of Tan 
L, in regard of one another, will be juſt then 
ſame as if theſe attractions were intirely abſent, |. 

But if the Accelerative attraction & N, be 1: 
than the Accelerative attraction S M, (as in he 
firſt of theſe Fig,) the former, and a part of tit 
latter equal to it, will, (as was ſhewn in tit! 
preceding caſe,) reduce themſelves mutually ov 
that State, as if both of them were abſent, ang 
the difference of them, on the part of the Acc ic 
lerative Force $ M, expreſſed by MN, remain; 


Areas and Times, and the Elliptic Figure Nc 
the Orbit, 6C B D. But if & N exceed $ MBS) 
Cas in the 3d of theſe Figures) their inter pl 
MN, will denote that difference of the Acct 
Terative Forces, whereby the proportion of tht 
faid Areas deſcribed; and Times of deſcription 
together with the Elliptic form of the Orbi 
6B D, are diſturbed. And therefore by th 
attraction NS, is the third attraction S M a 
ways reduced to M N, which exerts its Fort 
from M to N, or from L towards E, the fot 

mer Forces being intirely unchanged, Ai 
theſe are the Forces that generate the Errors d 
the Body L. &. E. J. I 


PRO 
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_—_ PrxbPOSrTION LXI. 3 4 
rut ſins tings being ſuppoſed, let it be pro- 
1 % to. we an account 7 ſuch Errors of a 
., Body J. rig 54.] revolving about a great 
, „or in the ſame plane wherein T revolves 

0 bon 4 greater Boch S. ariſin from the inclination 
l ſaid Planes; 41 alſo of the Cauſes and Reaſons 


T TM » wy | 

From the demonſtration of the preceding 
%. tis ewn, that all the errors of the Body 
M, ariſe from the Forces repreſented by the 
ie Right lines 4 , N. But becauſe one of them 
it 4 7, acts according to the direction LZ, which 
ee in che plane of the Orbit of the Body L, the 
R rorce acting according to its direction, will not 


Qiſturb the Motion of the Body L, as to its La- 


c ritude. 

88 1f the ſituation of the Orbit of the Body E, 
"(be ſich, as that the Body S is found in its cm- 
non Section with the plane of the Orbit E TE, 
in Which 7 deſcribes about S: (that is, to ſpeak 
teen the Language of an Aſtronomer, if the 


Nodes of the Orbit of the Body L, be in the 
Syzygies of the Body S; ) N alſo lies in the 


maß plane of the Orbit of the Body L; becauſe in 
och he common Section: And therefore the Force 
thegacting according to the direction of it, does not 
jon diſturb theſe Motions. 3 
obi The other things remaining the ſame, le 

the che Plane 6 C B D of the Orbit of the Body £ 
ve ſuppoſed to be inclined to the Plane SET; 


3 
Jo that part of it C G D, may be elevated above 


it, and part C B D, depreſſed below it: Upon 
the ſame Center 7 and equal Semidiameter, let 
the Circle Ch Dg, be ſuppoſed to be deſcribed 
in the Plane S E T, and the Nodes will be C 
and D: Suppole them when ſeen from 7, to be 
n a Quartile aſpect wich the Body S; 3 is, 


4 p, * 
2 - 
- * 
4 $ - 


the Node tending in antecedentia ; and again, 


ſent the Plane of the Orbit of the Body 7 re 
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ſuppoſe the Angles STD, STC right. In the 
pom ns of the motion of the Body L, along the 
Semicircle C G D, ( ſee the firſt of theſe Fig.) the 
Force as MN of the Body L, acting with the 
direction AN, (that is, from L to F) attrads 
the Body from its Orbit C G D towards Cg; 
that is, leſſens the Latitude of the Body I, 
(reckoned from the Plane C g D): And the Bo- 
dy L, in its continual receding from the Plane 
CGD towards S, till it has arrived to the next 
Node, does not paſs the Plane ETS or Cpl 
in the point wherein it paſſed before, but a li: 
tle on this ſide of it; and makes the Node ol 
the Orbit, now deſcribed by it, a little more is 
antecedentia, in regard of the Node D of the Orbit 
CGD, which it would have deſcribed without 
this Force M N. In like manner in the paſlag: 
from the Node D to the Node C, through th 
Semicircle D B C, (to which caſe the ſecond i 
theſe Figures is accommodated,) the Force 2 
M. N, acting according to the direction of MN, Tl 
or from L towards F, makes the Body L to go 
backwards perpetually from the Orbit D 30 
and deſcribe another inclin'd to DC, in a lk 
ſer Angle, and to paſs the Plane Db C ſoonet 
than in C; that is, than it would have done i 
the Force A N had not been preſent ; and by 
this means there will be made a new place for 


JN Q3 SES ns © wm, je Car er ea 


during its paſſage, the part CG D of its Orb 
towards the conjunction with the Body 5, thi 
. Node will recede in antecedentia, as bt 
res. 41.28 

Beſides, (the Eye being placed in the Line df 
the Nodes produced, ) let Sg 7 b[ Fig. 55) repte 


volving about S, GDB the Plane of the Orbit 


ff the Bod hile the latter is inclined t 
as Wy Bo y L. W ile ns : , © TIS | hl me 
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W che former, by the ſmalleſt Angle, namely, Gg 
Wor GD; which happens (as has been ſhewn 


: TE when the Body L is ſeen from T in the Syzygies 
of che Body S. And ſince it has already been 
„ denn, chat the Nodes of the Orbit of the leaſt 
L ody L tends in antecedentia ; the Orbit which 


che Body L, departing from 6, where it was 
ſeen in conjunction with 5, further deſcribes, 
will meer g Db on this ſide D in reſpect of S, and 
will be the Line Gd. And the Orbit which the 
ſame L deſcribes, departing from B, where it 
was in oppoſition to S, namely, the Line B a, 
will meet the Plane g D b im, viz. beyond D 
in regard of S. And it is evident that the Line 
Gd or BA contains a greater Angle with g Db at 
d or , 1 8 Angle made by the Line G D 


or BD wit the ſame g Db; being about equal 
o that wihch the Orbit of the Body L made 
with g Db, When L was very near the Node. 
The Nodes therefore being in theQuadratures, go 
backwards; but in the Syzygies are at reſt; and 
WT therefore always whether they are Retrograde or 
Starionary,upon the whole go backwards; but in 
the intermediate places, partaking of both con- 
ditions, go backwards flower; and ſo much rhe 


ſloweras they are nearer the Syzygies. But when 
cl the Nodes are in the Quadratures, the inclina- 
in, tion of the Plane of the Orbit of the Body L, is 
bir i leſſened in the paſſage of the Body L from the 
che Quadratures to the Syzygies, and augment- 


ve ed in the paſſage of the ſame from the Sy- 

© zygies to the Quadratures: (For the parts of 
che Lines Gd, B 4, towards d and , are in- 
„e: clined in a greater Angle to g Db than their 
re parts towards G and B; and the Orbit of the 
chi Body at every moment of time is to be looked 
10 upon as a lineola, deſcribed by it in that mo- 
tee ment; and that is the Plane of the Orbit, which 


paſſes 


- > 


as thro the aid lineola, and the Center of the 
Body 7.) And therefore the FOOY L being in of 
the dyzygies, the inclination becomes the leaf WP" 
poſſible, and returns to its former magnitude, 1 0 
or thexeabouts, when the Body comes to the e 
neareſt Node. And theſe are the principal Erro 
ariſing from the inclination of the Planes. S. EA 
The ſame holds, tho' the Body L [Hg. 56:] te. 
volves not about 7; but both 7 and L about , 
as a Center. For in this caſe the outmoſt 7, 
produces the Effects of the Body S; and S, to. 
gether with L reyolying about it, ſupplies the 
places of I and L revolving about it, in the fore. 
going caſe. For the Demonſtration is the lame, 
whether the diſturbi 5 Body moves or not, 
COROLLARY. 

By the ſame Laws, as the Body L [Pg (4, 
revolves about 7, let us imagine ſeveral Bodies to 
move about the ſame J, at equal diſtances from 
ic; and a Ring CB DG rigid and concentris 
with the Body 7, made up of them, being 
multiplied, and at length becoming contiguous 
And the ſeyeral parts of the Ring will perforn 
all their Motions (which are not impeded by 
the rigidity,) according tothe Law of the Body L 
And cheretore the Nodes C and D of the Ring 
CBDG are at reſt; when 5 are in the Syzy- 
gies of the Body S: and will move from chem, 
in antecedentia, ſiftly in the Quadratures, and 
fowly in all other places: And the inclination 
of the Ring will be changed, (the Axe of it 
Oſcillating,) as has been ſhewn concerning ths 
Orhic GCB, in the Propoſition. . 

If now the Globe 7 (having the ſame Ax 
Wich the Ring CB P G, and compleating its Re- 
volutions about that Axe in the ſame times,) be 
concęived to be increaſed fo big, or the 1 

5 (othel 
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other things remaining as before) leſſen'd, ſo 
chat the Globe touch the Surface of the Ring 
oternally, and cling to it, becauſe cloſely en- 
ompaſs d by it; The Globe 7 (which we ſup- 
»ofe intirely indifferent to all impreſſions,) will 
acake of the Motion of the Ring, and the 
WE -zccgate of them both, will oſcillate, and the 
Nodes of the Ring (or the interſections of ic 
Noith the Plane of the Orbit of the Body J about 
S,) will go backwards. 


PrRoPoOSITION LXII. 3 
HE Bod) L, Fig.54-] by 4 Radius drawn 10 T, 
T will deſcribe Areas more nearly proportional to 
the Times, and a Figure coming nearer to the Form of 
Wn Elipſe, uboſe Focus is F if T be attraGed towards 
, by the ſame Law as L is, than if it were atera- 

Cied a great deal more or a great deal leſs. ; 
For, by the preced. Prop. the pertubation of 
the Proportionality of the Areas and Times, 
and the deformity of the Figure of the Orbit, 
ariſe principally from the Force repreſented by 
BN. And therefore the Areas and Times will 
come neareſt to the Proportionality, and the 
Orbit GCBD to an Elliptic Figure, when AN 
is nothing, or the ſmalleſt poſlible : That is, 
when the Accelerative attractions S , SN, 
(whoſe difference is MN) of the Bodies L and 7, 

are nearly equal; or, which is much the ſa 
when the Accelerative attractions of the Bodies 
L and Ttowards S, approach as near as poſſible 
to an equality: (For the other part of the Acce- 
1 lerative attraction of the Body L to S, expreſſed 
WW by 8 4, namely 4 u, tho it does not diſturb 
the ſaid Proportionality, yet it renders the El- 


10 liptic Figure deformed; that is, when S N, the 
i Accelerative attraction of the Body towards S, 
* is not none; (for from what has been ſhewn 


above, 
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above, the Attraction S is reduced to a leſſer 


by the Attraction S N,) nor leſs than the ſmalleſ 


of all the Attractions 8 M, ( otherwiſe MN 


would be too great in every ſituation of the 
Body L,) but as it were a mean between the 
greateſt and leaſt of all the $M; that is, neithe 


much greater nor much leſs than the Attraction 
SK. And therefore the Body L, by a Radius 
drawn to 7, will deſcribe Areas more propor: 
tional to the Times, and a Figure approachiq; 
nearer to an Ellipſe, if 7 be attracted toward; 
S, by the ſame Law as L, than if it were a. 
tracted much more or lefs, Which was to be 
demonſtrated. ad * 

The ſame holds, if (other things remaining 


as before) the Body L did not revolve about 7 


but both T and L about S. For, as was ſaid it 
the preceding, the Demonſtration is the ſam 


whether the diſturbing Body move or not. 


3 SCHOLIU M. 

It may in like manner be infer d, that if: 
Syſtem of Bodies P and L, I, a, [ Fig. 52.] 1. 
volving about $; (as in Prop. 59.) the Orbits de. 
ſcribed will come nearer to Elliptic ones, if al 


the Bodies acted upon by the ſame Laws of At 


tractions, than if on any account, the ſame 
Laws did not hold; and the common Center o 
Gravity of the Bodies P, L, I, , will deſcribe 
an Orbit whoſe Focus is in the common Center 
of Gravity of all the inferior Bodies; as in Cn, 
Prop. 56. 


POSITION LXUIL. 
Y reaſon of the mutual action of the Earth ani 


* Moon, their common Center of Gravity moves 

in the Orbis Magnus about the Sun. After the ſamt 
manner, the common Center of Gravity of Fupitu 
and its Satellites, aud of Saturn and its Attendants, 


are 


AR 
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carried in the Orbits of Fupiter and Saturn; de- 


IN 

e ined in Prop. 58. 

N Becauſe (by Prop. 46. and 47:) the Moon gra- 
he cates towards the Earth, and the Earth towards 
hs We Moon; the Satellites of Jupiter towards 
oe MWpicer, and Jupiter in like manner towards its 


actellites ; Saturn's Attendants towards Saturn, 
d Saturn towards its Attendants; what was 
ropoſed is evident from Prop. 59. And becauſe 
dy«Corol. Prop. 47.) the Sun, every Primary Pla- 
et, and its Secondary, are acted upon by the 
ime Laws of attractions, he Orbit of each Se- 
ondary is very nearly an Ellipſe, having a Fo- 
us in the Center of the Primary, by the fore- 


no oing. But the motions of the Satellites are di- 
Frrbed, as bas been ſhewn in Prop. 60 and 61. 
id are affected with various ine qualities, that 
all be treated of in their proper places here- 


rer. | 


PROPOSITION LXIV. 
Dr reaſon of the Figure of the Earth, the Equi- 
DO no&#ial Points go backwards, and the. Axis of 
e Earth, in every Annual Revolution, twice chan- 
s its inclination to the Ecliptic, and twice returns 40 
former inclination. 
In Prop. 33. we conſidered the Axis of the 
arth, as remaining always exactly parallel to 
ſelf; becauſe then we had only the Phænomena 
one Revolution to explain, in which ſpace of 
me it preſerves its Paralleliſm very nearly. But 
cauſe of the Earth's Figure, whichis an Oblate 
phzroid, ariſing from the Cauſes pointed at in 
rp. 31. the caſe is now ſomething different. 
Let VS M (Fig. 57.) be the Orbit of the 
arth about the Sun ©, AE B the Earth it ſelf, 
hoſe Poles are A and B, Equator E 9. Becauſe 
by Prep. 31.) the Earth is an oblate Sphæroid, 
K (de- 


"I 
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(depreſſed towards the Poles A and B, and ele. . 
vated towards the Equator E Q,) it is like a art 
Globe faſten'd to a Ring; for that exceſs of M* t 
Matter, which is about the Equator, ſupplie el. 
the place of a Ring. And therefore, by Cord Am 
Prop. 61, the Nodes of this Ring will go back: kon 

wards: That is, the Earth departing from , WW" 
(where the common interſection of the Ecliptic 
and the Equator of the Earth, is directed to- 
wards the Sun O, and conſequently the Sun 50 
ſeen in the Equator in the Heavens, makes the Peu 
8 Equinox, ) thro Y tqwards V, will arrive at WW 
| the Node V ſooner than at V the point oppo- ie 
ſite to : And the Earth going forward from . 
' Vfthro' S, towards , wilt arrive at the new J 
.Y Node , ſooner that at , where the Node ws IM i 
4 was in the former revolution; that is, the plane . 
of the Equator of the Earth produced, will paß 
c⸗hrouggh the Sun ſooner than the Earth's Center f 
52 arrives at A. But then the Equinox is celebs WF”?! 
: ted, when the Sun is found in the plane of the Wi": 
Earth's: Equator ;- (as has been ſhewn ac” large, uh 
Prop. 33.) and they are to be looked upon as the if" 
Equinoxial Points, in which tlie Sun appear 
at the time of the Equinoxes. Wherefore it i vt 
evident, that the Equinoctial Points, and tog. 
ther with them, all the points of the Ecliptic 
that have received any names as fuch, (becaul: " 
depending upon the Equinoctial Points and te- 
ckoned from them, ) will ſeem to £0 backward, . 7 
or move in antecedentia ; if the Fix'd Stars be 15 
taken as immovable. But if the points of theſe." 
Ecliptic be looked upon as unmoved, then the 
Fixed Stars will be reckoned to have moved a 
much forwards or in conſequentia. © U 
Ihe Regreſſion of the Equinoctial Points, 2 
has deen hitherto explained, proceeds from cht 2 
action of the Sun upon the Ring compaſſing in 2 
| | : Pi 
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arth at the Equator, or the redundant Matter 
at the Equator, as has been ſhewn, Corol. Prop. 
6x. But the Force of the Moon alfa upon this 
ſame Ring is conſiderably great, as is evident 
from the Schl. to Prop. 61, and its Corollary : For 
fince ſhe is always in the Plane of the Ecliptic, 
br not far from it, ſhe will confpjre with the 
un in the ſame _—_ 

Beſides, in a Semi- revolution of the Earth a- 
bout the Sun from thro' W to V, the incli- 
mation of the Equator to the Eclip:ic thro' the 
ion of the Sun, is leſs than when the Earth 
as in ; and it is leaſt when the Earth is in 
(by Prop. 60.) the Nodes of the Ring heing 
n the Sun's Quadrature. And when the Earth 
arrived at V/, and the Nodes at the Sun's Sy- 
gies, the former Inclination is reſtored again; 
n paſſing from V thro' S to , the like leſ- 
ening of the ſaid Inclination happens again; 
Ind the Axis of the Earth Oſcillates together 
th the Equator. The Axis therefore of the 
arth, in every Revolution, changes its inclina- 
oh to the Ecliptic twice, and twice returns 
dthe former inclination ; which will happen 
ice, alſo in every Periodic Month, upon 
he account of the action of the Moon. 
he this Oſcillation will ſcarcely be ſenſible, 
ſhereas the regreſs of the Points of the Eclip- 
C15 known to every Body, tho? it ariſe from 
ie-fame Forces. For in each Equinox, the in- 
ination of the Axis of the Earth cowards the 
liptic, returns to its former bigneſs, and 
d a ſeries of Years becomes not more ſen- 
ble: But the regreſs of the Points of the 
cliptic is continually onwards, and the,Equi- 
octial Points never return to their ancient 


ace, till they have compleated an intire 


ele. And ſuch a change as is intirely inſen- 
4 K 2 ſible 


* | | 2 
ſible in one Year, or half of a Year, (in which 
ſpace of time the whole change of the incling. 
tion of the Axis of the Earth is finiſhed,) will i 
a ſeries of Years become ſenſible ; being made 
_ perpetually the ſame way. On the accoun 
therefore of the Figure of the Earth, the Equi 
noctial Points go backwards, and the Axis of 
the Earth every Year changes its inclination u 
the Ecliptic twice, and twice returns to its for. 
mer ſituation Q. E. D. 


| PRO POSITION LXV. 
7 HE common Center of Gravity of the Sun ail 


F all the Planets and Comets is at reſt ; and i . 
therefore may be taken for the Center of the Solar $ 8 
ſtem, and even of the World it ſelf. chi 
It has been demonſtrated by the PhiloſophenMl,j.. 
mention d in Prop. yo. that the commonCenter ol .... 
Gravity does not change its ſtate of motiona n 
reſt, by the actions of the Bodies upon one ans | 
ther; but that the Law of a Syſtem of Bodies — 
the ſame with that of a ſingle Body, as to thei 

continuance in the ſaid ſtate ; ſince the progrt 

five motion of both is to be eſtimated by the mv 

tion of the Center of Gravity. The common Cer Co 


ter therefore of the SolarSyſtem is either at rel, 
or moves uniformly forward; for excluding il 
external Force, this is the ſtate of a ſolitan 
Body. Now, the latter can't be aſſerted, iing 
of the ſurrounding Fix'd Stars ſome woll 
become nearer than formerly, and other 
more remote; and conſequently their ſituatidl 
and order in length of time would be ſenſiby 
changed, contrary to Obſervation. And ſind 
it has already been ſhewn, that the Sun, Planet 
and Comets gravitate towards one another, at 


are therefore in continual motion, (only t ſar 
common Center of Gravity remaining quiet N 
' : 
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tis evident that the movable Center of any one 
of them, can't be look d upon as the Center of 
the Solar Syſtem, but the above-mention'd im- 
movable common Center of Gravity. ; 

But if not an inviſible Point, as the above- 
mention d, hut ſome conſiderable Body very 
near it, is 0 be looked upon for the Center of 
that Syſtem, it will be the Sun ; becauſe that, 
by reaſon of the vaſt Quantity of Matter it con- 
tains in compariſon to the others, will ſcarce 
ever be ſenſibly diſtant from the common Cen- 
ter of Gravity above- mentioned. - 

And further, if any Figure agree, and bounds 
be ſer; to the univerſal compages of Bodies (or 
to the World,) no other Syſtem more juſtly 
claims the. middle of it, than our Solar; and 
therefore no other Center than that above de- 
termined, is agreeable to the Univerſe. Which 
was to be demonſtrated. 80Þﬀ__ N 


SECTION X. 


Concerning the Cauſes and Reaſon of the 
Mations of the Planets aſſigned by Philo- 
ſopbers.  —.. 


| TAving been deſcribing hitherto the Syſtem 

of the World, and that only in general, ſo 

far as was ſufficient for our purpoſe, and having 
explained the analogous cauſe of the Motions of 

the greater Bodies of the World, or rather the 
ſame, (as is moſt fitting, )with that which wedai- 
ly experience about us; namely the Gravity of 
all Bodies towards all Bodies, whoſe Law is the 
lame with that of our Gravity, or of any other 
Narural Virtue propagated along Right lines 
| R J CON» 
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concurring in one Point; that is, having laid 
down the principal foundations of a Phyſ. 
cal Aſtronomy, regularity of Method require 
us to conſider the Cauſes and Phyſical Reaſon; 
of theſe ſame. Effects as are aſſigned by others, 
and at the fame time ſee, whether they ſolve the 
Phznomena, ſo well as thoſe explained before 
have done. But by the Cauſes we ſpeak of 
here, we do not underſtand: the ultimate Cau- 
ſes, or ſuch as have no Cauſes of themſelves; 


but ſuch as we experience about us, and can 
calculate their Forces, and Geometrically in. 


veſtigate their Properties, as we do of any other 
Quantities; ſuch as Light, to the conſideration 
of which, various Sciences, as Optics, Catop- 
trics, Dioptrics, owe their Original; Gravity, 
the affections of which are conſidered in Static, 
and in almoſt all Mechanics: tho' the Cultivs 
tors of thoſe Sciences neither underſtood the 
ultimate Cauſes of Light or Gravity, nor wil 
they do ſo hereafter. | 
There are two other famous Sects of this Ca. 
leſtial Philoſophy, that attempt to explain the 
Cauſes of the Motion of the Bodies of the Uni 
verſe, the Keplerian, and the Carteſian: As for 
that which brought in Solid Orbs, and faſten 
Intelligences to them to move them, there i 
no occaſion to take notice of it, ſince there i 
little of Philoſ>phy in it, and it has been ſuff- 
ciently confuted by the Aſtronomers of the 
Jaſt Age. We ſhall give an account of both 
theſe, and annex the Reaſons why neither ot 
them belongs to the Heavens, by ſhewing that 
the Laws of Bodies moved as theſe Philoſophers 


would have them, are not ſuch as are found to be 
obſerved by the Heavenly Bodies. And firſt we 
ſhall explain the Keplerian Phyſics deliver d in 
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Book 4. Epi: ome 4 the Copernican Aſt ronomy, and 
that for the moſt part in his own Words. 


PRO POSITION LX VII. 

O explain briefly the Subſtauce of the Celeſtial 
Piet of Kepler, or the Cauſe aud Reaſon, 
which Jo, Kepler bas aſſigned , why the Planets are 

carried in Orbits about the Sum. 5 
This (great Aſtronomer would have the Sun 
to be à vaſt Body, made to move about an Axe 
given by Poſition, by the Creating Power of the 
Divine Being in the beginning of Things; and 
leſt this Motion ſhould Janguiſh by degrees on 
the account of the ſluggiſhneſs of Matter, that 
it is conſtantly maintained by the care either of 
the Creator, or of ſome Mind deſtin'd to it: 
The ſame likewiſe he would have to be obſer- 
ved in the Earth, and the reſt of the Globes of 
the U niverſe. The Sun by this gyration of his 
Body, carrying about the immateriated Species 
of its own Body thro? the vaſt Spaces of the 
World, carries about like a Leaver, at the ſame 
time, the Planets which are apprehended by this 
Species, This Species is the. Virtue of the Sun 
emitted in Right lines thro' the whole Mundane 
Space, which, becauſe it is the Species of a Body, 
is Whirled about together with the Sun, like a 
rapid Vortex, running thro' the whole Mundane 
Space, with the ſame ſwiftneſs as the Sun turns 
it {elf about its Axis, and therefore carries along 
with it the Planet, ſwimming as it were in this 
River. We are farther to take notice, that beſides 
this Vectory Force in the Sun, there is a natural 
lluggiſhneſs in the Planets, to all Motion, by 
which they are inclined, by reaſon of their 
Matter, to continue in the place where they 
are. So that there is a conflict between the 
Vectory Power of the Sun, and the ſluggiſh> 
| | K 4 neſs 
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neſs of the Planet, ariſing from its Matter, 
Both have their ſhare in the Victory; the for. 
mer moves the Planet out of the place it was in; 
the latter in ſome meaſure diſengages its own, 
that is, the Planet's Body from the ſhackles it 
was laid under by the Sun, when apprehended 
by fome part or other of the circular Virtue; 
namely by that, which immediately ſucceed; 
the part from which the Planet had juſt diſen. 
gaged it ſelf. And becauſe this Virtue that car. 
ries along the Planet, and flows from the Sun's 
Body, has the ſame degrees of weakneſs at dil. 

ferent diſtances,as Light has; this Vectory Pow. 
er, like the Sun's Illumination, decreaſes as the 
diſtance from the Sun increaſes :: Wherefore it 
will carry a Planet placed at a greater diſtance 
from the Sun more ſlowly, and conſequently 
will make its Periodic Time, on this ſcore, great- 
er. Beſides, ſince a like Vectory Power is pro- 
pagated from the Body of each Planet moving 
About its own Axis; this alſo will carry the ſe- 
condary Planets, which it finds in this River of 
its immateriated Vortex, after the ſame manner; 
and they will never leave their reſpective Pri- 
mary, becauſe they are carried by the Species 
of the Sun's Body about the Sun, as well as their 
Primary, and together with their Primary. And 
upon the ſimple ſuppoſition of theſe things, tis 
evident that the Primary Planets would be car- 
ried about the Sun in Circles concentric to the 
Sun, in the Plane of a great Circle of the Sun 
lying exactly betwixt its Poles; and that the 
Secondary Planets would be carried after the 
ſame manner about their Primar. | 
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5 PrRoPosITION LXVII. | 
T O explain bow, Kepler deduces from theſe Prin- 
” ciples, that the Periodic Times of the Planets 
will be exatNy in the Seſquialter Proportion of their 
Orbits or Circles. | 


Kepler was the firſt who obſerved that this Pro- | 


rtion held in the Cœleſtial Bodies, to the no 
Fall advantage of Aſtronomy and true Phyſics ; 
namely, that in the Revolution of the Primary 
Planets about the Sun, and of the Secondary a- 
bout their reſpective Primary, the Squares of the 
Periodic Times had the ſame Proportion as the 
Cubes of the Semidiameters of their Orbits or 
Diſtances from the Sun; taking the Mean di- 
ſtances, and abſtracting from the Excentricity. 
And this he inferred from his own Principles 
after the following manner. Since the Vectory 
Power of the Sun, (whereby the Planets are car- 
ned about by the immateriated Vortex or River 
of the Solar Species, ) decreaſes like the Illumi- 
nation, the diſtance from its fountain or the 
dun increaſing; (that is, in the duplicate ratio of 
the diſtances,) and only exerciſes its Virtue ac- 
cording to one dimenſion, namely, in Length. 
This Vectory Power in producing this Effect, 
(namely, carrying the Planet round) will be 
leſſen d only in the ſimple ratio of the diſtance 
from the Sun increaſed: And ſince (by his Ar- 
chetypical Proportions) he makes the bulks of the 
Planetary Bodies to have the ſame ratio as their 
diſtances from the Sun; the Vectory Power of 
the Sun,will employ equal Forces in the carry- 
ing round each Planet; namely, ſo much great- 


er on the account of the greater ſize or magni- 


tade of the Planet, that the Moving Species lights 
upon, as the Moving Virtue in that diſtance is 
weaker, and in the A ratio ; namely, of the 
CT diſtance 
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diſtance from the Sun. Again, induced by the 
Geometrical concinnity, he ſettles the Quantity 
of Matter in the Planets compared with one a- 
nother, in the ſubduplicate ratio of the Bulk or 
Magnitude ; (and ſo the Denſity will be in the 
ſame ſubduplicate ratio of the Bulk or Magni 
tude reciprocally,) that is, as was ſaid before, in 
ee ratio of the diſtance from the 


Since therefore the Periodic Time in a Pla. 


net, that is more diſtant from the Sun, is great. 


er than in a Planet that is nearer, becauſe the 


Way, (that is, the Orbit) is greater, and be. 


cCauſe the Quantity of Matter to be tranſported 


is greater, (but in other reſpects equal, becauſe 
equal moving Forces are employed upon them, 
as was ſhewn above,) and ſince the greatneſs of 
the Way is as the diſtance from the Sun, and 
the Quantity of Matter as the ſubduplicate of 


that diſtance; on both cauſes conjoined, the Pe- 


riodie Time of the remoter Planet will be great. 
er, in the ratio compounded of theſe: But the 
ratio compounded of the ſimple and ſubdupli- 
cate, is the ſeſquialter or ſeſquiplicate: Where- 


fore the periodic Time of the remoter Planet 


will be greater than that of the nearer, in the 


ſeſquiplicate ratio of the diſtances from the Sun; 


that is, the Squares of the Periodic Times are 
as the Cubes of the diſtances from the Sun. 
Which things are to be underſtood after the like 
manner concerning the Secondary Planets fe- 


_ yYoWwang about their Primary. 


FW 
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O explain the Cauſes aſſigned by Kepler, 


2 | the Orbits of the Planets are Excentric. 


© Since each Planet is a Body cognate with the 
Body of the Sun, having one part (like a 1575 
** 3 | ol 


1 
* 


Book I. of AS TRNON OMV. 139 


ſtone) that is, friendly to the Sun, and the o- 
ther the quite contrary. In the converſion of 
the Body of the Sun, this Virtue thereof, 
whereby it attracts or repels the Planet, accord- 
ing as its friendly or contrary part is turn'd 
to the Sun, is alſo turned about; juſt as in the 
converſion or turning a Load- ſtone round, the 
attractive or repelling Force is transferred to- 
ward different parts of the World. And when 
the Sun lays hold of a Planet by this Virtue of 
its Body, whether attracting or repelling, or 
acting dubiouſly between both, it carries it 
round along with it; for it retains it both by 


attracting and by repelling it, and by retaining 


it, it carries it round. Each of our Load-ſtones 
indeed has two Poles or Places of different Vir- 
tues, by the one of which, one Load-ſtone at- 
tracts another after a certain direction; but by 
the other it repels the ſame. But in the Hea- 
vens things are ſomething otherwiſe. For the 
Sun — 2 this active or energetic Faculty of 
attracting or repelling a Planet, not in this or 
chat place or part, but in all the parts of its Bo- 
a Therefore it is probable, that the Center 
of the Body of the Sun anſwers to one extremi- 
ty, place, or pole of the Load- ſtone; and the 
whole ſurface to the other; ſince it attracts or 
repels a Planet according to à certain direction, 
not by this or that place on its ſurface or part 
of its Body, but by the whole. | 
Theſe things being thus ſettled, tis evident, 
that the Body of the Planet will not be carried 
about the Sun at the ſame diſtance from the 
Sun, every where; but while it turns [ Fg. 58. 
its friendly part to the Sun, it will come nearer 
to the Sun, till the Right lines drawn accord- 
ing to the direction of this part, (that is, the 
Fibres along which this attractive Virtue is pro- 
RT <5 © 8, Ins 
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pagated from the Sun, )being almoſt every where 
parallel to themſelves, are no more inclined to 
the Sun, but a Right line drawn from the Sun 
to the Planet becomes a perpendicular to theſe 
Fibres; in which caſe, ſince the Sun does at- 
tract no longer, the effect of the attraction, 
(namely, the acceſs of the Planet towards the 
Sun) will ceaſe, and the Planet will then be 
in its neareſt approach to the Sun or in its Peri- 
helion. The Planet being ſtill carried about, by 
the above-deſcribed Vectory Power of the Sun, 
its unfriendly part, or that which ſhuns the 
Sun, will by little and little be directed to- 
wards the Sun, and hereupon the Planet will be 
continually repelled from the Sun; and that 
will be continued till neither of theſe parts or 
places be inclined towards the Sun, but a Right 
line connecting the Sun and Planet, would again 
become perpendicular to the Fibres of the Vir- 
tue; and then the Planet will be found in its 
Aphelion, becauſe at the greateſt diſtance that 
the repelling force of the Sun can remove the 
Planet to, while it is carried about. And the 
Planet being librated by theſe Fibres, ſo as to 
be attracted by the Sun in one part of its Orbit, 
and repelled by it in the other, deſcribes an 
Orbit about the Sun indeed, but not about it 
as its Center; but Excentric to the Sun. Again, 
becauſe the Species of the Sun's Body commu- 
nicating a Motion to a Planet, is thinner and 
weaker in a larger Circle in the ratio of the 
diſtance from the Sun, as it produces this effect, 
(as Was ſhewn in the preceding Propoſition) 
aud the Planer in the mean while continues of 

the ſame Bulk and Denſity, becauſe the ſame 
Planet: Tis evident, that, other circumſtances 
continuing the ſame, the Celerity of the Planet 
is leſſen d, in the ſame ratio with the conſtipa- 
; h * tion 
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tion and denſity of the Vectory Power of the 
Sun; that is, reciprocally as the diſtance from 
the Sun. Farther, the Virtue of the Sun that at- 
tracts and propels the Planet iſſuing along vir- 
tuous lines proceeding from the Center of the 
Sun, and going round together with the Sun, 
has its ſtrength proportional to the Co- ſine of the 
Angle, made by the Radius of the Sun and the 
Fibre that admits the Solar Virtue into the Pla- 
net: And therefore this Excentric Orbit will 
not be a perfect Circle, but an Ellipſe, narrow- 
er and more depreſs d on the ſides, and having 


the Sun for one of the Foci. 


to ſuppoſe within this exterior Cruſt of the Pla- 


i 


Now, from the ſame Principleshe ſhews, that 
the Ellipſe is deſcribed about the Sun in the Fo- 
cus, in ſuch a manner as that equal Areas are 
deſcribed in equal Times, by a Radius drawn to 
the Sun, which he calls the Ye&cr ; and univer- 
fally, that the Areas, which this ſame Radius 
ſweeps. over, are proportional to the Times 
wherein they are deſcribed. | | 

But ſince theſe libratory Fibres, by the help of 
which the Planets are librated upwards, always 
continue as it were parallel tothemſclves whilethe 
Planet is carried intirely round, and (by what was 
ſhewn before )is ſo inclined in reſpect of the whole 
Univerſe, as that the line of the Apſides of each 
Planet is perpendicular to thoſe Fibres, which 

are placed either in the plane of the Orbit, or 
of the Planet, or in a ſituation parallel to it; 
and ſince the Axis of no Primary Planet, about 
which it is turn'd as it were by a diurnal Mo- 
tion, has this Poſition, and no other Line but 
this Axis, and Right lines parallel to it, can 
keep the ſame ſituation in regard of the Uni- 
verſe, if the intire Globe of the Planet be ſolid 
and united; tis evident that Kepler was obliged 


net, 


| 
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nee, (whoſe Axis keeps a given Poſition, name- 
ly, that about which the Planet is turn'd' in its 
Diurnal Motion,) a Globe intirely ſeparate and 
divided from this Cruſt, and no ways yielding 
to its Diurnal Motion, whoſe Axis and Right 
lines parallel to it may ſuſtain the Place: 
of the ſaid Libratory Fibres, and conſerve the 
Poſition neceſfary to this purpoſe deſcribed a- 
bove; while the exterior Cruſt, according to 
the nature of each Planet, revolves by a Diur- 
nal Motion peculiar to it ſelf. | 
ProrosITION LXIX. 
T O explain the Cauſes aſſigned by Kepler, why 
the Orbits f the Planets are inclined to the 
int, . 
In this Keplerian Phyſics, which we are now 
upon, if there were no Fibres ſuch as we de- 
ſcribed in the preceding Propoſition) in the Pla- 
nets, by which they are librated upwards; or if 
theſe Fibres turned their ſide to the Sun; that 
is, neither that part which was friendly to the 
Sun, nor that part which was the contrary; 
each Planet remaining at the ſame diſtance 
from the Sun, Would deſcribe a perfect Circle 
concentric with the Sun. After the like man- 
ner, all the Planets (being acted upon only by 
Forces ariſing from hence) would go round in 
the ſame Plane in an uniform and direct Stream 
as it were, in the middle of the Channel, (or in 
a Circle lying exactly between the Poles of the 
Revolation of the Sun, called by him the Va Reg ia, 
or Ri Way.) But becauſe they wander variou- 


es his or chat fide of the /in Regia, tlie Cauſe 
is Effect muſt be ſomewhat like that, where- 
Ship under ſail is thruſt to one fide of the 


hne; according to which it would have been 
moved by the Wind alone, namely, by an Oar 
3 5 held 
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held obliquely to the Stern, or by the Rud- 
der kept in an oblique poſition. In each Planet 
there ane Fibres (which he calls from their Of- 
fice, the Fibres of Latitude) always placed in the 
Plane of its Orbit, or parallel to it, and which 
remain always parallel to themſelves in every 
converſion; or motion of the Planet; ſo that 
when a Planet is ina Node or common in- 
terſection of the Plane of the Via Regia, with 
the Plane of the Orbit, the middle of the Fibre 
of Latitude that paſſes thro” the Center of the 
Planet, touches the Orbit; and therefore at e- 
very one of theſe Fibres, one part towards one 
ſide of the Via Regia, the other part towards 
the other ſide, ſtands without that Plane, incli- 
ned to it at the ſame Angle, as the Orbit of 
the Planet is to the Jia Regia. When therefore 
the Species of the Sun's Body meets with that 
halt of the Fibre, which is behind and ſtands 
upwards, it will 4mpel the Planet that way, as 
the half, which is foremoſt, tends towards; that 
is, according to the Plane of the Orbit proper 
to that Planet: But ſince theſe Fibres of Lati- 
tude continue in a poſition parallel to them- 
ſelves thro' the whole Revolution, hence it 
comes to paſs, that in a Planet placed in its 
Limit or greateſt diſtance from the Via Regia, 
neither extremity. of the Fibres go foremoſt, bur 
the Fibres directed as it were towards the bot- 
tom of this River, (that is, towards the Sun,) and 
receiving the impulſe on it's ſide directly qppo- 
ſed to it, give no cauſe for an ejection farchagany 


way; till a change be made in theſe H of 


the Limits, ſo as that the extremity of the ies, 


which went foremoſt before the arrival of then 
Planet to the Limit, may now go behind, the 


other going before; and for that reaſon the 
Planet may begin to approach again towards 
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the Via Regia. For inſtead of the Power of 
the Rudder ina Ship, there is in the Planet a- 
nother Fofce of the Fibres much more ſuita- 
ble; becauſe, as the Libratory Fibres have 2 
natural Power to retain a parallel ſituation in 
the tratiſportation of the Body, ſo alfo there is 
in the Fibres of Latitude, beſides a like Power 
of retaining a parallel ſituation, another natu- 
ral Power of agility, or of preſerving the fame 
Line, and of deriving according to the dire&i- 
on of it, a Motion impreſs'd upon themfelves, 
ſo far as the Motion tends the fame way with 
that other extreme of the Fibre. Becauſe theſe 
Fibres of Latitude are entirely different from 
the Fibres deſcribed above, by which the Sun 
attracts or repels a Planet, as well in regard of 
their nature and office, as in reſpe& to their 
ſituation ; for the Fibres of Latitude are every 
where parallel to a Right line touching the Or- 
bit at the Node in the Via Regia: But thoſe 
others (by preced. Prop.) are parallel to a Right 
Line, which is a Tangent to the Orbit in the 
Aphelium: Theſe Fibres, according to Kepler, 
ought to be found in different Bodies, ſince (in 
Kepler's judgment) the Apſides go forward, and 
the Nodes go backward, tho' it be but ſlowly 
in the Primary Planets ; and tis certain that the 
ſame happens in the Secondary. Wherefore, 
beſides an exterior Cruſt furniſned with Fibres, 
by which the Axis, about which the Planet re- 
volves by its Diurnal Motion, is kept parallel 
to i elk in its whole circuit about the dun, he 


_ foum&@ neceſſary to ſuppoſe an interior Cruſt 


(which might be like a Nucleus, in regard of the 
—exterior,) intirely ſeparate from the former, and 
. by other Forces; in which there are 
bres, by which the Planet may be librated 
upward and downwards: And within this — 5 
1 Cleus, 
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cleus, or rather Cruſt, he is forced to ſuppoſe 
again another interior Nucleus ſeparate from 
the former middle one, and having a different 
period, in which the Fibres of Latitude are ex- 
pinded ; ſince it is impoſſible that theſe diffe- 
rent Fibres having different Periods, ſnould be 
ſpread in one and the ſame Solid. 


PROOSTITION LXX. 
T 0 2 out and refute very briefly the miſtakes 

that are to be found in the Keplerian Celeſti- 
al Phyſics explain d above. 

Tho we undertake to oppoſe Kepler's Cele- 
ſtial Phyſics, yet we don't do it with ſuch a 
temper, as if we rank'd him a Perſon, whoſe 
Fame will be Immortal among the common Sy- 
ſtem- makers or ' hunters after Phyſical Cauſes. 
For he was ſo far from this, that on the con- 
trary, he is the only Man ( excepting perhaps 
ſome of the Ancients, as Pyrhagoras, &c.) who 
pas treated of theCeleſtial Phyſics in a Mathema- 
tical manner. His Archetypical Ratios, Geometri- 
cal Concinnities, and Harmonic Proportions ſhew ſuch 
a force of Genius as is not to be found in any 
of the Writers of Phyſical Aſtronomy before 
him: So that Feremiah Horox, a very competent 
judge of theſe matters, tho a little averſe: to 
Kepler in the beginning of his Aſtronomical Stu- 
dies, after having in vain tried others, entirely 
falling in with Kepler's Doctrine and Phyſical 
Reaſons, thus addreſſes his Reader, Kepler is 4 


Li hs. 22 our — - 
* 
— 


1 — > py Ks ee oa” wa 


e Perſon whom I may juſtly admire above all Martals 
it %; I may call him Great, Divine, or even fame. 
© bing more; fince Kepler is to be valu d above the 
d bole Tribe of Philoſophers. Him alone let the Bands 
© Sing of----, Him alone let the Philoſophers Reads; 
d eng ſatisfy d of this, that he who has Kepler, bas 6 


| For 


＋ C ll Things. 3 


146 The ELEKENTs Bock! 
For what greater, or more, like ſomething Di. 
vine, could happen to a Mortal in this matter, 
than by theſe Harmonic Speculations, exactly to 
determine the proportion of the Orbits of the N geſc 
Planets; than to be the firſt that ſhould. find ou 
the true way of the Planet about the Sun (name- 
ly the Elliptic; ) and laſtly, than to ſhew the 
true manner of a Planet's Motion in this way, 
Dix. that by a Radius drawn to the Center of 
the Sun, placed in the Focus of the Ellipſe, i 
deſcribes Areas proportional to the Times? But 
there are ſome things which I can't approve of 
in Kepler's Mechanical cauſe of theſe Motions, 
and they are theſe fangen 

x, If neither the Friendly nor the Oppoſite 
part of the Planet be turned to the Sun, a 
if the Planet (on the account of the weak 
neſs of the Fibres, whereby it is librated upwark 
and downwards) be ſo diſpoſed, as neither to be 
attracted or repelled by the Sun, (as it happen 
in Venus, according to Kepler's judgment;) then 
he would have it, that the Planet deſcribes 1 
perfect Circle, by the Species of the Sun which 
is carried about; whereas tis certain, that a Bo- 
dy which is not urged by a Force tending to: 
Center, will not deſcribe a Circle, but a Right 
line. Since therefore the Orbits of Planets are 
Circular even in this caſe, tis evident that they 
50 impelled towards a Center by ſome othe: 
orce, beſides that which ariſes from the obvert- 

ing the Friendly part. | 
2 During the Planet's aſcent from the Peri 
helium to the Aphelium, that part which is Us: 
- Friendly is turned to the Sun, and conſequent 
s repelled from the Sun, and in this caſe it i 
1 Aged only by chat Force, which is directed a. 
"uf | long the Line that connects the Sun and Pla- 
1 net. But tis well known in Mechanics, chat 
WA Planet 
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Planet acted upon by this Force alone, would 
be ſo far from deſcribing an Ellipſe, having the 
Sun for a Focus, that on the contrary, it would 
deſcribe a Curve convex towards the Sun. 
Wherefore a Planet, whoſe Orbit is an Ellipſe, 

having the Sun for a Focus, muſt neceſſarily 
be urged, even in its aſcent from the Sun, from 
he Perihelium to the Aphelium, by a Force 
tending to the Sun, ſince an Ellipſe is concave 
owards both Foci. Kepler therefore,muſt be ve- 
y much out of the way, when he would have a 
planet repell'd by the Sun, in its aſcent to the 
Aphelium, or when he would have a Planet nei- 
her attracted nor repelled, when it deſcribes a 
perfect Circle about the Sun concentric to it + 
For unleſs in both caſes it be attracted or other- 
iſe impelled towards the Sun, it will not de- 
ſcribe a Curve concave towards it: For it can't 
beretain'd thus, without ſome kind of attraction. 
Lz. In his enquiry into the proportion of the 
Planetary Orbits, he aſſumes ſome things plain- 
y contrary to Obſervation, how much ſoever 
It is that they agree with his imagined Archi- 
ypical Ratios : As that the Magnitudes of the 
Planetary Bodies are as their Diſtances from the 


4 un; and that their Denſities are reciprocally 
* 8s the Square Roots of their Magnitudes. From 
* hence it follows, that the Quantity of Matter 


in the Planets is directly as the Square Root of 
heir diſtances from the Sun: Becauſe the quan- 
iy of Matter is as the Magnitude and Denſit 

conjunctly. But every Body knows that Mars is 
gels in bulk than Venus, which notwithſtanding 
ought to be as big again asVenus, according to 


rom the Sun. Obſervation informs us, that 
the Globe of Jupiter is bigger than Saturn, tho 
t ought by the aforeſaid Rule to be as little a- 

Þ 1 2 gain, 


Kepler's reaſoning ;* becauſe diſtant as far again ; 


© eigen to the Method which Nature uſes, Ki 
s Syſtem about the manner of the Sun's cat 
ing round, attracting, or repelling the Plz 
Nets, is founded upon what is contrary to one of 
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the things that he knew, and firſt diſcovereg 


gain. Notwithſtanding he might deduce fron 


(namely, that the Path of a Planet is the Perime 
ter of an Ellipſe, one of whoſe Focus's is in the 
Center of the Sun, which it fo deſcribes, s 
that its Radius that carries it, ſweeps Areas pro 
portional to the Times,) without the conſiden 
tion of the Magnitude and Denſity of the Plz 
net, that the Periodic Times of the Planes 
revolution about a common Center, are in th 
ſeſquiplicate ratio of their greater Axes, a 
mean diſtances from the Sun. But it is pro 
hable that Kepler deduced the Proportion of the 
Planetary Orbits, and their Number, from th 
intervals neceſſary for the interpoſition of fin 
regular Bodies; and that he afterwards aflignel 
to them ſuch Magnitudes and Denſities, as | 
could draw this fame proportion from by ans 
ther Method. Te $; 
4. Not to ſpeak of his Virtue, which has to 
little of Mechaniſm; and too great an affiniy 
to an Animal Power, which he gives to tis 
Fibres of Libration and Latitude in the Planet 
(to the latter, natural power of Agility, but i 
the former, in one part, an inclination toward 
the whole Body of the Sun; in the other, 1 
flight from it;) and the diviſion ariſing from 
hence, of every Planet into a Shell, and a Kernel 
ſeparate from the Shell, and librated in its & 
vity, in a different Period, and in ſome another 
Nucleus within the former. | 
Not co mention, I ſay, theſe things, which 
have” bur little of Mechanics in them, and fo- 


the chief Laws of Nature and Motion, whereb) 
A | * Gal 


are is taken that there be a Reaction always 
ontrary and equal to any Action. For accord- 


ng. to Kepler, in Epit. Book IV. This Virtue of 
xpulſion and Attraction is not in the Planets them- 


„ Joes, but in the Sun only. And the the attraftory . 
2 d repulſory Power of the Sun be extended to, and af 


the Planets, Jet like power of a Planet does not 


onfeſſes, that the Sun would be moved, out of the 
lace it has in the Center of the World, by the Planets, 
the reciprocal ratio of #beir Bodies; or at leaſt it 


trated more this Way, ſometimes more that Way, 


attraction. Kepler here had forgot the true 
doctrine of Gravity, that he had laid down a- 


Commentaries upon Mars, built upon theſe Axioms: 
bat Gravity is 4 mutual affettion of union or con- 

ton in Bodies that are a- kin to one another. That 
wo Bodies, if they are not bindered, will meet in 
be intermediate Space, each having moved one to- 
paras the other a length reciprocally proportional to the 
', agnitude of the other: So that if the Moon and 
unh were not retain d each in their Circuit, the 
alt won d aſcend towards the Moon the Fifty fourth 
ert of the diſtance betweeen them; and the Mom. 


chet WW! deſcend towards the Earth about Fifty three 


arts of the interval, and they would both meet there; 


Poſing the ſubſtance of both to be of the [ame den- 


r That the Moon draws up the Waters of tha Fits: 
KY WW Globe, from whence 1 a flux, here 
Cal - e Channels of the Ocean are roadeſt, and afford 
Pla- Wim for a reciproc ation. And if the Earth ſhould 


e attract towards it ſelf its own fluids, the Ma- 
f the Sea Would be raiſed and flow towards the 
B&B * Moon. 


* 
3 
3 


each to the Sun and affect it. For were it ſo, he 


urht to titubate or reel as it were, being ſometimes 
cording as more Planets happen to come together on 


be ſome fide of the Sun, having ſimilar Powers. But 
his he entirely gets rid of, by denying a mutu- 


out 11 Years before, in his Introduction to his 
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Moon. Nor did he fear himſelf, anſwering the 
difficulties above-mentioned, about the titubat. 
on of the Sun, and its removal out of the Cen. 
ter of the World; where he ſpeaks after the fol. 
lowing manner: For ſo great is the bulk, ſo gra 
the denſity of the Matter of the Body of the Sun, an 
ſo great the attractive and repulſive Virtue of it ; u 
the contrary, ſuch is the ſmallneſs both of the Plan 
and its renitence, that the Sun is in no danger of hn 
ing removed out of its place. | 
| 1 what has been deliver'd, tis evident 
how near this great Philoſopher and Aftrong, 
mer was, to the finding out the true Cleft 
Phyfics, (who even in Epit. Aſtron. Book 5.1, 
had ſaid, As the Sun attract the Planet, ſo th 
Earth attract. Bodies; on the account of which a: 
traction, the Bodies are ſaid to be heawy,) and hoy 
uch afliſtance he has given in this matter, and 
- how rightly he Propheſied, when he ſaid, 7h 
true Cauſes, Quantities, and Directions of the Ma 
ons of the Apſides and Nodes of the Planets, and oth 
matters of this kind, remain in the Pandects of th 
following Age, not to he underſtood before the Divin 
Being, the diſpoſer of Times and Seaſons, has opmi 
this Book to Mortals. | FRY 
- > .._ » PROROSITION LAXI. 
O explain briefly and ſummarily the Carteſian 
Celeſtial Phyſics, or the Cauſe and Reaſon, uh 
the Planets are carrigd round the Sun, which Ret 
tus des Cartes invented. In | 
Such as have endeavored to find out tht 
Phyſical Cauſes of the Cœleſtial Motions, hate 
5 en ſought them in the Sun. For tt 
- Rotation of the Sun in his Space about an in- 
> movable Axis, the ſame way that all the Planet 
fake and follow in, and thar in a ſhorter Per 
od than that of Mercury, which is the neareſt to 
him, and eyery other Planet in a greater period, 
( 577 F357 ot = a3 
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as it is farther from the Sun ; and the Rotation 
of the Primary Planets about their proper Axes ; 

and of the Secondary again about theſe Primary, 
juſt as thoſe Primary revolve about the Sun; 
all towards the ſame coaſt of the Heavens, and 
almoſt in the ſame Plane, have the higheſt 
degree of probability. And theſe Phænome- 
na do plainly beſpeak, either that all this 
motion cf the Primary. Planets ariſes from the 
Sun's motion, or at leaſt, that both of them de- 
pend upon one common . Cauſe, . Hence it 
came about, that ſeveral Philoſophers thought 
the Planets were carried by the ther, whirl'd 
about the Sun by a Vortex or Whirl- pool; and 
that long before Cartes, or even Epicuruss Time, 
But Kepler, who was better acquainted with 
the motions of the Stars, ſaw well enough that 
they could not be carried about by any mate- 
ral Vortices: For if the Planets ſwimming in 
| the Matter of the Vortex, and as it were at reſt 
in it, were carried about together with the parts 
of the Vortex, he ſaw that they would deſcribe 
perfect Circles, and have other periods in re- 
gard of their diſtances from che Center, than 
we find by Obſervation agree to, them. He 
therefore rather choſe to ſubſtitute the immate- 
riated Species of the Sun's Body, inſtead of Mat- 
ter whirl'd about like a Vortex, yet calling it by 
the name of the Celeſtial Vortex and River. But 
afterwards Cartes, making light and taking no 
notice of theſe niceties and Aſtronomical 
Obſervations, and being reſolved to frame a 
World, brought in Vortices again; together 
with a popular way of repreſenting the moti- 
ons of the Stars. And tho Vortices were intro: 
duced int6 the Heavens by others before Cartes, 
and have been made uſe of by others ſince him, 
and preſſed into other ſervice, yet they retain 
L 4 Cartes s 
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Cartes Name. We ſhall therefore briefly de- 
ſcribe this Syſtem, ſo far as ſerves our purpoſe, 
in Cartes's Words, out of the Third Part of bis 
Principles of Philoſophy. © 217011 
Cartes ſuppoſes 55 That all the Matter of 
which the viſible World is made, was, in the 
beginning of Things, divided by God into Par. 
ticles very nearly equal, of a moderate ſize, and 
equally moved, not only each about its pro- 
per Center, and ſeparately from one another, 
ſo as to compoſe a Fluid; but ſeveral:alfo about 
ſome other points, in like manner remote from 
one another, and ſo they compoſed various Vor- 
tices. Afterwards he reſolves theſe equal Par- 
ticles, worn a little by their inteſtine motion, 
into Globules of different Sizes, all which he 
calls Particles of the ſecond Element, and a part 
of a Fluid form'd out of the irregular minute 
parts rubbed off from the corners of the Glo- 
bules, and moved always with a very great ra- 
pidity, he calls the Matter of the firſt Element. 
Now, there being more of this ſort of Matter 
than was neceſſary to fill up the interſtices of 
the Globules, what remained was thruſt down 
towards the Center by theſe Globules receding 
from their Center, by reaſon of their circular 
motion, and being there collected into a Sphe- 
rical Body, conſtitutes the Body of the Sun in 
the Center of each Vortex. Beſides this equal 
Motion impreſſed originally upon theſe Parti- 
cles, about the Center of the Vortex, the Sun, juſt 
torm'd in the center of the Vortex, and revolving 
about its own Axis the ſame way with the reſt of 
.the Matter of the Vortex, and always. emitting 
ſome of it ſelf along the narrow paſſages that are 
Weithin the Globules of the ſecond Element to- 
wards the Ecliptic, or Circle lying juſt in the mid- 
dle between the Poles, (receiving as much at 1 
13 hx Poles 
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Poles. from the neighbouring Vortices, as it e- 
mits,) has a power of carrying thoſe Globules 
along with it; thoſe nearer, quicker, but thoſe 
farther off, lower. But ſince theſe lower Glo- 
bules of Celeſtial Matter move quicker. than 
the ſuperior ones, they ought alſo to be leſs. 
For if they were greater or equal, they would 
upon that account have more Forces, and there- 
fore would: become uppermoſt by their centri- 
fugal Force. And all theſe particulars will be 
the ſame in any Vortex whatever, within cer- 
tain limits, beyond which the upper Globules 
are moved quicker than the lower, being as to 
their Sizes equal. Theſe limits in the Solar 
Vortex he places about the Orb of Saturn, or 
a little beyond. 1 
Theſe things being ſuppoſed, if any Star, 
which being placed in the center of its Vortex, 
does the office of a Sun, ſhould happen to be 


| covered with Spots, and by that means weak- 


ened ſo as to be overcome and carried along by 
the neighbouring Vortex of the Sun; if this 
Star be but capable of a leſs degree of agitation, 
or have leſs ſolidity than the Globules of the 
ſecond Element that are near the circumference 
of our Vortex, yet ſomething more than ſome 
of thoſe which are nearer the Sun; we are to 
underſtand that this Star, ſo ſoon as tis arrived 
into the Vortex of the Sun, ought to deſcend 
continually towards its Center, till it arrive to 
ſuch Celeſtial Globules as it is equal to in foli- 
dity or aptitude to perſevere in its motion a- 
long Right lines. And when it has at laſt got 
thither, it will neither approach nearer to the 
dun, nor yet farther off from it, unleſs it be 
ſomething propelled from thence, by ſome 0 
ther Cauſes afterwards to be related: But being 
in equilibrio with thoſe Cceleſtial Globules, will 

| revolve 


— 


- - 6 
— * — — — — — 22 == 
* * _ - — = > —_— =—_ 4 
. . — ·¹—-ꝝ : l — — _— — o 
— — — — 2 = _ = = 
- _ — — * * — — - > — — — — — _ = 
— — = — _ - — — — " — 
= = — = 4 * 
=_ — — * 
Cad, * 


— 
— — 
— — 
— —— 


2 = — a es — 
2 —— 


— — 
— — 


—:. a— A re 
E — 
— m — — 


9 
* » 


* = 
, 


154 The E LEMENTS Book I. 
revolve abont the Sun with them, and become 
a Planet. Every one of them therefore is at reſt, 
in that part of the Heaven where it is; and all 


the variation of ſituation obſerved in them, only 


ariſe from the motion of the matter of Heavens 
or Vortex that contains them. According to this 
Syſtem then, nothing hinders us from imagin- 
ing the Space, in which at preſent the ſingle 
Vortex of the Sun is contained, to be at firſt di- 
vided into ſeventeen or more Vortices; and that 
they were ſo diſpoſed, that the Stars, which 
they had in their Centers, were by little and 
little at length covered with ſeveral Spots, and 
then theſe deſtroy d by other Vortices, the 
one quicker, the other flower, according to 
their different ſituation. So that ſince theſe 
four, in whoſe Centers were the Sun, the Earth, 
Jupiter, and Saturn, were bigger than the reſt 
the Stars which were in the Centers of the five 
leſſer that ſtood about Saturn, deſcended to- 
wards Saturn; and thoſe in the Centers of four 
others about Jupiter, towards Jupiter; in like 
manner the Moon near the Earth, towards the 
Earth: Afterwards Mercury, Venus, the Earth, 
with the Moon, and Mars, (each of which Stars 
alſo formerly, had a Vortex, ) towards the Sun; 
and at length Jupiter and Saturn, together with 
the leſſer Stars about them, ſunk together towards 
the Sun, much greater than themſelves, after 
their own Vortices were deftroyed : But the 
Stars of the other Vortices, if they were ever 
more than ſeventeen in this Space, paſs'd 2. 
way into Comets, moving almoſt in a Right 
line out of one Vortex into another, and 


1 — returning. So that now, ſince we ſee the 
Primary Planets carried at different diſtances 


from the Sun, we are to judge, that this hap- 
pened, becauſe the ſolidity of ſuch of them 26 
a are 
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are nearer the Sun, is leſs than that of thoſe that 
are farther off: And that from hence it came to 
paſs, that the ſame part of the Moon is turn- 
ed towards the Earth, or at leaſt does not defect 
much from it, becauſe its other part, which is 
turned from the Earth, is ſomething more ſolid, 
therefore in moving round the Earth ought to 
deſcribe a greater compaſs. And ſince we ſee 
the inferior of thoſe higher Planers to move 
round quicker, we till judge it to ariſe from 
hence, that the Matter of the firſt Element, 
which compoſes the Sun, by whirling round 
very rapidly, carries along with it the nearer 
parts of the Heaven, and the Planets ſwimming 
in them, which are there relatively at reſt, bet- 
ter than the more remote. Jupiter, tlie Earth, &c. 
revolve about their own Axes, becauſe they 
were formerly lucid Stars placed in the Centers 
of ſome Vortices, and no doubt gyrating there like 
our Sun, and even now the Matter of the firſt 
Element collated in the Centers of them, ſtill re- 
tains the ſame Motion, and impels them. 

' Laſtly, we are not to think that all the Cen- 
ters of the Planets are always accurately in the 
ſame Plane, nor the Circles they deſcribe per- 
fet and compleat: But, as we fee it happens 
in all other natural things, only nearly ſo, and 
in time perpetually changing. For ſince all 
the Bodies that are in the Univerſe, are conti- 
guous, and act upon one another, the motion 
of each depends upon the motion of all the reſt, 
and is therefore varied innumerable ways. On 
which account we find, that tho' all the Planets 
affect a Circular Motion. yet none of them ever 
deſcribe Circular ones, but always err ſomething 
from them, both in Longitude and Latitude. 
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PRO POSITION LXXII. LEMMA. 
T F two Bodies revolve about the ſame Axe, in the 
ſame diſtance from the Axe, and two other Bodies 

likewiſe in any other diſt ance ; I ſay, the ratio of the 
difference of the Angular Motion of the former Bodies, 
to the difference of the Angular Motion of the latter, 
is compounded of the ratio of the tranſlation. of the for- 
mer Bodies from one another, to the tranſlation of the 
latter Bodies 1 one another, and of the ratio of be 
diſtance of the latter from the Axe, to the diſt ance of 
the former from the ſame. 
Ihe Angular Motion is that by which the 
Angle is formed at the Axe about which a mo- 
tion is: Hereupon they are ſaid to have the ſame 
or equal Angular motion, that being placed at 
any unequal diſtance from the Axe, make equal 
Angles at the Axe, in the ſame or equal Times: 
And the difference of the Angular Motions is 
the difference of the Angles formed at the Axe 
in the ſame Time by the Bodies. 

At the ſame diſtance from $ [ Fig. 59.] the 
Axis of Motion, let there be two contiguous. 
0 | Bodies 4 and B; likewiſe, two others C and D. 
1 Let them afterwards be moved any how, and ſc- 
| parated from one another; namely, A in «,. 
| and in the ſame time Bin #&, C in , and D in . 
Tis evident ( from Prop. 33. Elem. 6.) that the 
difference of the Angular Motions of the two Bo- 
dies A and B, (namely the Angle à 5 g) is to the 0 
difference of the Angular Motion of the two o- 
1 ther C and D (that is, the Angle AS) as the 
Wi tranſlation of the two former from one another, e 
1 (or the way, whereby the one is transferred from 
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9 the other, namely 4 f,) to 4 , the tranſla- 0 
5 tion of the two latter; that is, if the diſtances I 
| are equal, the tranſlations are as the differences 

19 of the Angular Motions. Again, if at any un- d 


guous 


1 une 
3 equal diſtances from the Axe S, the two conti- 
| 
| 


E 


Book I. of ASTRONOM NY. 157 


guous Bodies A and B, and the two others E 
and F, be ſo moved into the places «, , and «, 9, 
that the differences of the Angular Motions 
(viz. the Angles « SB, aS e) be equal; then will 
(by Prop. 33. El. 6.) the Tranſlations à f, « e, be 
as the diſtances S A, S E. And therefore ( by 
Prop. 23. Elem. 6.) it neither the diſtances from 
the Axis, nor the differences of Angular Motion 
be equal, the ratio of the Tranſlations will be 
compounded of the ratio of the differences of 
the Angular Motions, and of the ratio of the 
diſtances from the Axis : And therefore (taking 
away from both ſides the ratio of the diſtances 
from the Axe,) the ratio of the differences of 
the Angular Motion is compounded of tte di- 
rect ratio of the tranſlations of the Bodies from 
one another, and the reciprocal ratio cf the di- 
ſtances from the Axis of Motion. Q. E. D. 


PrRoPosITION LXXIII. LEMMA. 


F the Curve DCE (Fig. 6.) be ſo related towards 
. the Right line A E, produced infinitely towards E, 
that a Perpendicular C B, let fall from any point of 
the Curve ro A E, if reciprocally as the Cube of the 
Right line A B, intercepted between B and A a point 
given in the Right line E A, the infinite ſpace BC 
EE, contain d between the Right lines CB, BE, 
and the Curve CE, will be reciprocally as the Square 
of the Right line A B. | | 


Call AB, x; BC, 3: and becauſe y is as - 


| : | 
then will J=t drawn into a certain conſtant 


or invariable Quantity; let that be 44, that the 
Law of Homogenity may be obſerved : that is, 
41 


=— or aN. And therefore, the ſum 
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of all the 7's (or the Flowing Quantity whoſe 
Fluxion is 5, or its value 2) will be 
—La1x—*: That is, as is known to Geometers, 


the Area that lies on one fide of the Line B C, 


namely the Area BCEE, is equal to Mrs 


2* * 


And, becauſe 44+ is a given quantity, the 


Area BCE E will be as — that is, reci- 
procally as the Square of the Right line 4 3: 


or the Area B CEE is to the Area bcEE, az 
4 to A B=. . E. DP) . 


PRO POSITION LXXIV. LEMMA. 


IF two contiguous Bodies ſlide one upon the at ber, 
I and the ſame be done in two other Bodies, preſſed 
by the ſame Force as the former towards one another; 
I ſay the impreſſion made by the friction of the former 
upon one another, is to the like impreſſion of the latter, 


in a ratio compounded of the ratio of the tranſlation f 


the former to the tranſlation of the latter, and of the 
ratio of the Superficics, wherein the former touch one 
another, to the Superficies, wherein the latter touch one 
another ; namely, wher ein the impreſſions are made. 
If the contiguous Surfaces were perfectly 
ſmooth, there would be no impreſſion of the 
Bodies upon one another, while they ſlide. 'Tis 


evident that this ſuppoſition is very natural, that 


the reſiſtance ariſing from the defect of ſmooth- 
neſs in the parts, is (other things being alike ) 
proportional to the Velocity whereby the parts 
are ſeparated from one another; that is, if the 
contiguous Surfaces are equal, that the reſiſtance 
and the impreſſion of the Bodies upon one ano- 
ther ariſing from thence, is proportional to the 
relative Velocity, or to what is in a given Time 
3 to it, the tranſlation of the Bodies. 
But if the Tranſlations or Velocicies wherewith 
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the parts I from one another) are 
equal, the Reſiſtances or Impreſſions, are as the 
Superficies wherein the Bodies two by two 
touch one another. 

And therefore, ſince neither the Superficies, 
nor Tranſlations are equal; tho all the reſt are, 
(as the Force preſſing the Bodies towards on 
another, the want of Smoothneſs, & c. che * 
ſions which the Bodies two by two make upon 
one another, are in a ratio compounded of the 
ratio of the contiguous Surfaces, and of the 
ratio of the tranſlations from one another. 
9. E. P. 1 

PROPOSITION LXXV. 

F a ſolid Sphere revolves in an uniform and in- 
I finite Fluid, about an Axe ay by poſition, with 
an uniform Motion, and by the ſole impulſe of it 4 
Fluid be moved circalarly, and each part of this Flu- 
id perſevere uniformly in its motion; I ſay, the Pe- 
riodic Times of the parts of the Fluid, are as the 
Squares of the Diſtances from the Center of the 
Sphere. 

Mer AE H [Fg. 61. ] repreſenta Sphere revol- 

ving uniformly about the Axis S. Let the infi- 
nite Fluid of the Sphere ſpreading about every 
way, be conceived to be de into innumera- 
ble concentric Orbs of the ſame thickneſs, every 
one of which conſidered alone is Solid; let 
theſe be expreſſed, by the Circles BF XK, CG L, 
DMN, &c. Becauſe the Fluid thus divided is 
ſuppoſed to be homogeneous ; ( that is, all. its 
parts equally compreſs'd;)the impreſſions of the 
contiguous Orbs upon one another (by the pre- 
ced, Lemma) are as their tranſlations from one 
another, and the contiguous Superficies in 
which the impreſſions are made conjunctly. If 
the impreſſion upon any Orb is greater or leſs 
on the Concave part, than on the Convex part, 
, the 
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the ſtronger Impreſſion will prevail, and either 
accelerate or retard the velocity of the Orb, ac- 
cording as it is directed towards the ſame way 
with its Motion, or a contrary. Wherefore, ſince 
(by ſuppoſition) a Fluid perſeveres uniform- 
ly in its motion, the Impreſſions made on both 
parts of each Orbit towards the contrary ways, 
are equal; and therefore the ratio which is equal 
to the ratio of the Impreſſions, (namely the ratio 
compounded of the ratio's of the tranſlations and 
contiguous Surfaces) is alſo a ratio of Equality, 
Conſequently the Tranſlations are reciprocally 
as the contiguous Superficies ; that is, recipro- 
cally as the Squares of the diſtances from the 
Center: But (by Prop. 72.) the differences of 
the Angular Motions are as the Tranſlations di- 
realy, and the diſtances from the Center of 
Motion reciprocally : And therefore the ſaid 
differences of the Angular Motions of theſe con- 
centric Orbs, are reciprocally as the Squares of 
the diſtances from the Center, and reciprocally 
as the diſtances from the Center ; that is, reci- 
procally as the Cubes of the diſtances from the 
Center conjunctly. If, therefore, upon all the 
points of the Right line S Z drawn from the 
Center, where the contiguous Superficies of the 
concentric Orbs cut that Line (namely, A, B, C, 
P, &c.) perpendiculars to S Z be erected, 4s, 
Bb, Ce, Dad, &c. reciprocally proportional to the 
Cubes of SA, SB, SC, S D, &c. theſe Ordi- 
nates will be reſpectively as the ſaid differences 
of the Angular Motions of the reſpective con- 
centric Orbs, and the ſum of theſe Ordinates, 
as the ſum of the ſaid differences; that is, (ſince 
the -outmoſt or infinitely diſtant Orb is not 
moved at all,) as the whole Angular Motions. 
If now the thickneſs of thoſe Orbs be leſſen d 
in infnitum (by which means the Medium fprea 
iis roun 
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round about becomes ſo far uniformly fluid,) the 
Sums of the forefaid Ordinates will become 
the Areas AZ a, BZ b, CZ c, D Z d, &c. and 
ſo the intire Angular Motions of the Orbs B V 
K, CG L, D MN, &c. are as the Areas BZ H, 
CZ e, DZ d, &c. reſpeRtively. But in the Fi- 
gure A Z a, the Ordinates Bb, Cc, Dad, &c. 
are reciprocally as the Cubes of the Right lines 
SB, SC, S D, &c. from whence (by Prop. 73.) 
the Areas B Z b, CZ e, DZ d, &c. ate reci- 
procally as the Squares of the Right lines $ E, 
$C, S D, &c. And therefore the Angular mo- 
tions of the Ocbs, B FR, CGI, D MN, Cc. 
are reciprocally as the Squares of their Semidi- 
ameters $B, S C, SD, &c. But the Periodic 
Times Are reciprocally proportiofial to the An- 


gular motions: Therefore the Periodic Times 
d of the Orbs B FK, CG IL, DMN, &c. are in 
„dhe direct (becauſe the reciprocal of the inverſe) 
ratio of the Squares of their diſtances from thei: 
Center S; namely, of the Right lines SB, SC, 


$D, C&C. And therefore the Propoſition is evi- 
dent, if the medium of the Sphere circumfuſed 
be ſuppoſed to conſiſt of innumerable thin con- 
centric ſolid Orbs. But if there be ſuppoſed to 
e de drawn a vaſt number of infinite Right lines 
C, nazking with the Axis Angles mutually exceed- 
4, Ning one another by equal exceſſes, and theſeè 
ne Wkightlines being revolved about the Axis, and de- 
l1- Wicribing Conic Superficies, Orbs be imagined cut 
& into innumerable Rings; each of theſe Rings will 
n- bare four others contiguous to it, one internal, 
es, another external, and two lateral, cut out of 
ce che fame Orb. By reaſon of the attrition of the 
ot interior and exterior, the intermediate can't 
ns. de moved any otherwiſe than formerly, before 
n'd ile Orbs were cut: otherwiſe the parts of the 
und would not perſevere in their motion uni- 
nd M formly 
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all the Rings equally diſtant from the middk 


' uniformly, Since therefore the Periodic Ting 
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formly; but the middle one would be accelerate 
and retarded in their motion, (as was ſhewn he- 
fore in the intire Orbs,) contrary to the ſup. 
poſition. And therefore any ſeries of Ring 
going on directly from the ſolid central Sphem 
in inſinitum, and comprehended between thy 
two next Conic Superficies, will be moved af. 
ter the ſame manner as theſe were moved be. 
fore the diviſion of the Orbs into Rings; bating 
what hindrance each Ring in this Series meet 
with from the attriion of the Rings laterally 
But here the attrition is nothing at all, becayk 


ſolid Sphere, (that is, cut off from the fame Or) 
are revolved in the ſame Time: For if it wen 
not ſo, but thoſe which are towards the Pole 
finiſhed their revolution quicker or {lower thag 
thoſe which are towards the Circle that lies i 
the middle between the Poles ; the ſlower, by 
reaſon of the mutual attrition, would be quick 
ened in their motion, and the quicker would x 
retarded, contrary to the ſuppoſition, wich 
was, that the Fluid perſevered in its motion 


of all the Rings, at the ſame diſtance from ths 
Center, is the ſame, they will revolve after thx 
ſame manner as they would do, were they nd 
as yet cut off from the ſolid Orb; that is with: 
out any attrition : And therefore the ſame Lav 
holds in this caſe alſo of Orbs cut into Rings 
as held before any diviſion into Orbs; that i; 
the Periodic Times of each of the Rings will bs 
as the Squares of their diſtances from the Cem 
ter of the middle ſolid Sphere. | 
Let each Ring be divided by tranſverſe Sear 
ons, into innumerable Particles conſtituting 3 


luid abſolutely and uniformly ſuch : And be- 


cauſe theſe Sections have no reference to the 
| | Law 


— 4 
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Law of Circular Motion, but conduce only to 
the conſtitution of a Fluid; the circular Motion 
will perſevere as before. By theſe diviſions all 
the infinitely ſmall rings will either not change 
the Aſperity and Force of mutual Attrition at 
all, or will change them equally: and the pro- 
portion of the Cauſes continuing the ſame, the 
proportion of the Effects will likewiſe remain the 
ame; that is, the proportion of the Motions and 
Periodic Times as before. And therefore the Pe- 
riodic Times of each of the parts, in the above- - 


teſcrib'd Vortex, will be as the Squares of the 
Diſtances from the Center of the Vortex. Q. E. D. 
COROLLARY I. | 
Ik the reſiſtance of the Parts of the Vortex be 
greater in a greater diftance from the Center 
han in a leſs, either on the account of the 
greater thickneſs or leſs fluidity of the Particles 
hich compoſe the Fluid, or on the account of 
any other Cauſe ; then the more remote parts 
of a Vortex will move ſlower than in the ratio 
ettled above in the Propoſition : that is, the 
Periodic Time of the parts of the Vortex more 
remote from the Center, will be to the Periodic 
ime of the parts nearer the Center, in a greater 
han in the duplicate ratio of the Diſtances of 
: theſe Particles from the Center. 
ith * - COROLLARY 2. 
lt the Vortex be not extended i» inf2itum, 
6 ut the Fluid moved after the manner of a Vor- 
e, be contained in a rigid Veſſel held by force, 
beer a different Figure from a ſpherical one con- 
Al centtic to the central Globe; the Particles of 
be Vortex will be moved, not in Peripherics of 
Circles concentric wich the central Globe, but 
15 * Min Lines almoſt conformed to the Figure of the 
Veſſels; and the Periodic Times will be as the 
the squares of the Mean Diſtances from the Center 
very nearly. M 2 | PRO. 
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PROPOSITION LXXVI. bo 


O point out and refute, in few words, the Euren 
s rors committed in the above-deſcribed Carte. Init 
ſian Phyſics. | 
. Since from the preceding Prop. tis evident 
that every Vortex made by a ſolid Sphere, e. Nh 
volved uniformly about an Axis given by Poſ. 
tion, will be propagated in infinitum, if not 
hindred; if the World was made up of ſuch Vo 
kind of Vortices, (as it is according to Carte; 
Syſtem,) there would be as many Vortices going un 
forwards in infinitum, as there are Fix'd Stan, nc 
every one of which, (according to Cartes) lik Pri: 
our Sun, makes a Vortex. Nor would the; 
Vortices be bounded by certain limits, but 
creep on, and by little and little run into one 
another. And, by this means, each part of the f f 
infinite Fluid making up the Univerſe, wonll 
be agitated by that Motion which reſults fron WW, 
the actions of all the Central Spheres or Sum 
But how foreign this uncertainty is, from that 
certain Order, Situation, and Motion of the Wiſh: 
Fixed Stars, which are firmly connected by 1 
very ſimple Calculus, let ſuch as are acquainte 
with Aſtronomy judge. 
2. Further, becauſe the parts of the Vortex, Not 
generated in the manner above-deſcribed, that 
are nearer the Center, being(by the preced.Pro.) Du 


moved quicker, urges the exterior, and con- Nea 


ſtantly communicate Motion to them by that Wi 
action; and theſe exterior Particles transfer at {Wimn 
the ſame time the ſame quantity of Motion into 
others that are ſtill more exterior; becauſe (by 
Hypotheſis) it is a condition of the Vortex, that 


each part of the Fluid perſevere in its motion Hand 
uniformly, and is not incited, ſometimes more, cbe 
ſometimes lefs, in the fame diſtance from the Wind 
. FIR Center, 
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Center: tis evident that Motion is perpetually 

transferred from the Center to the Circumfe- 
Ex rence of the Vortex, and abſorbed by the infi- 
nity of the Circumference. And therefore to 
the conſervation of a Vortex in the ſame ſtate, 
there is required ſome active Principle, from 
which the Central Sphere (or Sun of that Vor- 
ter) may always receive the ſame quantity of 
otion, as it impreſſes on the matter of the 
ortex. But from whence the Carreſians can 
get fuch an active Principle reſiding in each 
un that moves the whole Vortex, I cannot ſee; 
ince Cartes himſelf, in Parag. 146. third Part 
Princ, Phil. boldly ſays, There u nothing to be met 
with in the Phenomena of the Planets, that can't be 
recounted for from what has been already ſaid. The 
penetrating Kepler ſaw well enough the neceſſity 
ff ſuch an active Principle in the central Spheres 
df the Vortices : And therefore leſt the Motion 


rom ould languiſh by degrees, which Creating Om- 
uns upotence ret upon them in the begin- 
chat ung of Things, he would have it maintained 
te er by the perpetual care of the Creator, or by the 
y 18Wſifance of a Spirit deſtin d to that imployment. 

nt ly For without ſuch an active Principle, the 


entral Spheres and the interior parts of the 


tex/ WV ortices, always propagating their Motion into 
chat the exterior, and receiving no new Motion, 
r vuſt neceſſarily move flower by degrees, and 
on- {ceaſe to move circularly. And conſequently 
that bis World of Des Cartes, without ſuch an active 
r at immechanical Principle naturally tends towards 
into Welt and its diſſolution. 

(by WW 3- Des Cartes and the Cartefians acknowledge, 


that the Bodies which are carried in this Vortex 
tion {Wand return again, are of the ſame denſity wich 
ore, {ie parts of the Vortex, where they are placed, 

the end move by the ſame Law with chem, as to 
wer: M 3 the 
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the Velocity and determination of the courſe, 
the deferent Fluid, and that Body that is carried 
by it, differ only in this, that the parts of thy 
Bodies thus carried by the Vortex, keep the ſam 
ſituation in regard of one another; and that they 
are as it were congealed and ſolid parts of thi 
Vortex, and can't be mingled together by a 


"inteſtine Motion, as the fluid parts of it are; 


being, in other reſpects, intirely equal. Sing 
therefore the parts of the Vortex (by the preced 
Prop.) revolve by this Law, that their Periodiy 
Times are in the duplicate ratio of their dt. 
ſtances from the Center, the Planets alk 
carried about the Sun, and at relative reſt in 
the fluid Matter of the Vortex, in-which they 
ſwim, will revolve by the ſame Law. Sing 
therefore the Earth, for inſtance, compleats i 
Period in a Year, the Period of Saturn, whk 


\ Ciftance is 9+ times the diſtance of the Earth, 


would be 90 Years, when it is not quite 3 
Years: After the like manner the Period d 
Saturn would be 27 Years, whereas it is not 12: 
And all the ſuperior Planets would have Period 
greater than the truth; and the inferior 1:6 
If the Patrons of Vortices anſwer, that the 
Vortices are not uniformly fluid, (as was ſuppo- 
ſed in the preceding Prepoſition,) but the par 
conſtituting them in the receſs from the Center 
are groſſer, as Cartes ſays in Parag. 82. Part 3; 
then (by Corel. x. Prop. preced.) the more remote 
Planets from the Sun are ſtill flower, wheres 
they are too flow already, (according to this d). 
ſtem;) and it is evident from this conſtitution 
of the Vortices, according to Cartes, there vil 
be a greater diſtance from Obſervation, than i 


the Vortices were made up.of an uniform fluid. 


Since therefore it has been demonſtrated, that 
the parts of the Vortex revolve by a very diffe- 
| rent 


— 
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debt Law from that which is obſerved in the 
ied Planets; namely, that che Periodic Times of the 


th parts of the Vortex are as the Squares of the 
meg liftance from the Center, if the matter of the 


uf the Diſtances, if the matter of the Vortices 
Abe groſſer at 2 greater diſtance ; whereas in 
the mean while (by Prop. 5 45 the Planets, 


* the Squares of the Periodic Times are as the 
ee of the Diſtances ; (that is, the Periodic 


Times of the Planets are as thoſe Powers of the 


Us Diſtances, whoſe Exponents are 2, which are 
al much lower than thoſe whoſe Exponents are 2, 
or a number greater than two; ) tis evident 
te therefore, that the Planets are not carried by 
"SW any ſuch corporeal Vortices. 6; 
OY 1. If the Vortex were extended in infinitum, 
ue us evident (from the preced. Prop.) that each 
rh part of the Fluid ought to deſcribe a perfect 
1 Circle, and (by Corel. 2.) that the aberration 
| 6 from a circular Path proceeded from the rigid 
aa Veſſel Cor what is equivalent to it,) in which 
75 the Matter of the Vortex is contain d. From 


whence it evidently follows, that the greater 
1 the Vortex is in reſpe& of the Path deſcribed 
by its fluid part, (or by the Planet carried toge- 
ther with it,) the more ought the Path of the 
Planet to come up to a perfect Circle; that is, 
zi the excentricity of a Planet nearer to the Sun 
will be leſs than that of one more diſtant from 
the dun; whereas Aſtronomical. Obſervations 


9 teſtify and aſſure us, that the Orbit of Mercury 
non is much more excentric than that of Saturn 
Fl bee | X 
1 Again, becauſe ( by Corel. 2. preceding Prop.) 
wy the Particles of the Vortex, and the Planets 
15 carried along with them, will be moved in lines 


e almoſt conformed to the figure of the Veſſel, in 
| which the fluid is contain'd, the Aphelia of all 
M 4 the 


Vortex be homogeneal; or as ſome higher Power . 
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the Planets viewed from the Sun will þe poſited 


towards the ſame Fixed Stars; whereas the A. 
phelia of the Planets are at a | gr diſtance from 
one another, as Jupiter's and the Earth's, by x 
quarter of a Circle ; Mars's and the Earth's, by 


a third part of a Circle; thoſe of Mars and 


in the beginning of c than in the 


half as ſwift again as when it is ſeen from the 


Venus are almoſt oppoſite. Beſides, the matter 
of the Vortex (like a River) being within. nar. 
rower bounds, (by the Laws of Mechanic) 
ought to move quicker than when it moves 
freely in a broader Channel; and that in the 
reciprocal ratio of the breadths of the Channel, 
or what is equivalent to them: But in the be- 
ginning of m, the diſtance between the Och 
of Mars and Venus is to their diſtance in the 
oppoſite Point, (namely in the beginning of x) 
almoſt as 3 to 23 and therefore the intermediate 
fluid of ch Vortex, that carries the Earth along 
with it, will be carried ſwifter in the ame ratio 

eginning 
of me; becauſe contain d within narrower l. 
mits; (for the paths of the Fluid, which carries 
Mars and Venus, ferve inſtead of boundaries or 
a Channel ; ) that is, the Earth ſeen from the 
Sun in the beginning of X, will be carrie 


Sun in the beginning of m, or the Sun ſeen 
from the Earth in the beginning of m, will 
ſeem to move half as ſwift again among the 
Fix'd Stars, as in the beginning of : But juſt 
the contrary happens by the Obſervations of all 
Aſtronomers : and the Sun ſeen in the begin- 
ning of i? from the Earth, ſeems to move in 
its diurnal Motion only 58 Minutes; wheres 
in the beginning of & ir ſeems to move 4 
whole Degree in the ſame time. 
5. A Body carried by a Vortex, and of ths 
fame denfiry wich the parts of the Vorres 
at Which 
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which it is, in its return round, if it be not o- 
therwiſe hindered, deſcribes a Circle ; to whoſe 
Plane the Axis of the central Sphere, whereby 
the Fluid is turn'd about in the form of a Vortex, 
is perpendicular : and if the Path of the Body 
be inclined to this Plane, that inclination will 
be continually leflen'd, and they at laſt will 
coincide, For it 1s evident from the demon- 
{tration of the preced. Prop. that each part of 
the Fluid compoſing the Vortex, deſcribes ſuch 
a Circle ; wherefore even the Planet, which is 
carried only by theſe Particles being relatively 
at reſt between them, will alſo deſcribe ſuch 
an one; and if by any external Force impreſſed 
it defle& a little from hence, the inclination 
will be leſſened by degrees by the encounter of 
the Particles of, the Fluid deſcribing the above- 
mentioned Circles, and the Planet it ſelf will 
deſcribe ſuch a Circle, being thus at laſt rela- 
tiyely at reſt in the fluid of the Vortex, and car- 
ried about together with it. But there is not 
one Planet to be found having the Axis of the 
dun perpendicular to the Plane of the Orbit; 
nor during theſe two thouſand Years, wherein 
Obſervations have been made, has the Inclina- 
tion of the Orbit of any Planet to that Plane 
been found leſſened; nor are there any fibres of 
Latitude aſſigned by theſe Philoſophers in the 
Planets, for the preſerving the ſame Inclination. 
But the Apology that Cartes brings for the va- 
rious excentricity of the Planets, and the vari- 
ous inclination of the Orbits to one another, 
and the various ſituation of the Aphelias, which 
is, in Parag. 34. Part 3. Princip. (namely this: 
But as we ſee is happens in all other natural 
things, that they are only nearly ſo, and in ſuc- 
ceeding Ages are continually changed, ) ſhews 
Plainly that he was vnacquainted with the Cal- 
is 7 5 culatory 
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part of Aſtronomy. For tho' it can't 


be denied chat Phyſical Cauſes have a place in 
the morion of the Stars, yet no Perſon uſed to 
theſe matters will judge that fuch caſual and al- 
moſt irregular inequalities, (ſuch as Cartes ſeems 
to infinuate,) are to be admitted in the motions 
of the Stars; but will rather ſay, with that moſt 
acute and beſt fitted for Aſtrouumical Specula- 
tions Fer. Horrox, who labour'd to defend the 
contrary Opinion, Ve may juſtly wonder at ſome 


Slingers or Enginiers, that can throw Bodies out of 
Slings or Cannons with ſuch incredible certainty if 


aim. But if we ſee fo great exalineſs in thoſe mi- 
mentaneous things, that are moved thro” the thick un- 
ſettled Air; ſhall we not expect a much greater in 
thoſe perpetual Bodies as are revolved in a quiet and 
Pure eAther by an eternal Law? | | 
6. Since the Globules compoſing the fluid of 
the Solar Vortex are leſſer near the Sun, and 
conſequently their Maſs, contained in a given 
it, is leſs denſe than in 2 
greater diſtance from the Sun ; it follows, that 
even the Planets which are of the fame denſity 
with the particles of the Vortex, in which they 
fwim, are leſs ſolid the nearer they are to the 
Sun; which Cartes alſo acknowledges in Parag. 
147. Part 3. of Princip. But the contrary to this 
we ſhall demonſtrate in its proper place here- 
after; namely thar each Planet, the nearer it is 
to the Sun, the folider or more denſe it is; that 
35, it contains more Matter under an equal bulk. 
Which alſo agrees much better with the Archi- 
typical Ratio's, Geometrical Concinnities, and 


Space and fillin 


Final Cauſes : 


From 


the conſideration of 


which, tis evident, that the Divine Being 
has placed the Planets at different diſtances 
from the Sun, ſo that each, according to its 
degree of denſity, may enjoy a greater or leſs 
| degree 
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degree of Heat ; and conſequently the more 
denſe Planet is nearer the Sun, ſince all more 
denſe ſort of Matter require a greater heat for 
the performance of natural Operations. And 
tho' the ratio of the denſity of the Planet be 


not the {ame with what Kepler makes it, name- 


ly the reciprocal of the Roots of the diſtances 
rom the Sun ; but the reciprocal of the diſtances 
from the Sun drawn into the roots of the appar- 
ent diſtances : Yet here (where he was moſt of 
all miſtaken,) Kepler came at this general Propo- 
ſition, by his Architypical ratto's, that the den- 
ſer Planets are nearer the Sun; whereas Cartes, 
who was ſince him, from a negleR, (or rather 
contempt) of the Architypical ratio's and final 
Cauſes, cheriſhed opinions entirely contrary to 
theſe Final Cauſes, and true Phyſics or Mecha- 
nics, (which generally lead us to the ſame thing; ) 

amongſt others, this opinion, that the ſo- 
lidity of the Planets near the Sun, is lefs than 
that of thoſe farther off. 

7. Tycho formerly, from the motion of the 
Comets, demonſtrated, that the Planets were 
not moved in ſolid Orbs ; becauſe the Comets 
paſſed thro' them. The ſame Comets do now 
with equal evidence ſhew, that the Planets are 
not carried by corporeal Vortices ; ſecing the 
Comets move in Paths very oblique, and ſome- 
times cutting the Plane of the Zodiac at Right 
Angles, and ſometimes directly contrary to the 
courſe of the Planets, and they preſerve theſe 
motions with the greateſt freedom and length 
of time, being ſubject to this univerſal Law, 
that by a radius drawn to the Sun, they deſcribe 
Areas proportional to the Times ; which would 
be altogether impoſſible, if the intire matter of 
the Vortex were carried abqur the Sun with a 
toxce Lafhcient to carry along with them the 


8 
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vaſt Bodies of the Planets. Nor does it help 
Cartes at all, that he has baniſhed the Comets 
beyond Saturn, contrary to the credit of all 
Obſervations, (which Tycho and the Aſtrono- 
mers never forc'd to ſerve their Hypotheſes, 
as Cartes would inſinuate;) ſince the matter of 
the Solar Vortex beyond Saturn (according to 
himſelf) has a greater moment to carry them 
along with it, than near Venus and Mercury; 
both becauſe the Globules compoſing the Vor- 
tex are greater there than here ; and eſpecially 
| becauſe they are moved much ſwifter, ſince 
they run a Circle immenſly greater thin a few 
Weeks, as Cartes has it, Parag. 62. Part 3. Prin. 
From all together, and each of theſe in particu. 
lar tis evident, that this Hypotheſis of Vortices 
is entirely diſagreeable with the Phænomena 
of Aſtronomy, and conduces not ſo much to 
the explaining as the diſordering of the Celeſtial 


Motions. 

PROPOSITION LXXVII. 
2 enumerate and explain the Cauſes of the Ce- 
I %a Motions brought by Mr. Leibnitz. 

'Tis ſo natural in enquiring after the Cauſes 
of the Celeſtial Motions, to {ſeek them in the 
ambient fluid Fther, that the Philoſophers have 
looked upon the Planets to be carried about the 
Sun, after the ſame manner as ſo many Straws 
iwimming in Water, are carried about by the 
Water put into the motion of a Vortex, by a Stick 
whirled about its Axis in the middle of a Veſſel 
at reſt. This ancient opinion lay neglected 
for a long time: But in the laſt Age was revi- 
ved by ſome great Men; for before Cartes, (of 
whom above,) it was approved of by Torvicellius 
and. Galiilzo; for the reaſons without doubt, 
ſummarily propoſed about the beginning of 


Prop. 71, 
FN This 
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This opinion pleas'd fo well, that that moſt 
acute Philoſopher Mr. Leibnirz, (even after the 
publication of Newton's Mathemat. Princip. of Nat. 
Philoſ.) adopts it; and judges that there remains 
now no more, than to ſhew how the Cauſes of the Ce- 
leſtial Morions ariſe from the motions of the e/Ether, 
or ( ſpeaking Fuer =o from deferent Orbs, but 
then ſuch as are not ſolid, but fluid. A name fo 
celebrated among Geometricians certainly de- 
ſerves, to have his Eſſay upon the Cauſes of the Cele- 


ſtial Motions (which he communicated to the 


Learned World in the Ads, of the Learned, Pub- 
liſned at Lipfic in February 1689.) exactly con- 
ſidered. 

For Mr. Leibnitz (if any Man) is able to ac- 
commodate Vortices to the Celeſtial Motions, 
and aſſign reaſons for the Laws of the Heavenly Bo- 
dies diſcovered by Kepler. Eſpecially ſince he has 
attained ſome peculiar Light in that matter, and the 
enquiry he made, ſeemed to himſelf, who is ſo 
penetrating a Perſon, to ſucceed very well and 
agreeable to Nature, ſo that hereupon he had good 
bopes, of hawing arrived at the true Cauſes of theſe 
Motions. We will therefore lay down the Me- 
thod this Philoſopher uſes in explaining theſe 
great Works of Nature, in as few Words as poſ- 
ſible, and, as near as we can, in his own. 

Firſt, Leibnitx takes for granted, that all Bodies 
which in a fluid deſcribe a Curve line, (and con- 
ſequently that the Planets themſelves,) are ated 
upon by the motion of the Fluid itſelf. For all 
Bodies deſcribing a Curve, endeavour to recede 
from it along a Right line, which is a Tangent, 
(from the nature of Motion ;) there muſt there- 
fore be ſomething that keeps them in. Bur 
there is nothing contiguous except the Fluid, 
(by ſuppoſition, ) and no endeavour to move 
thus can be reſtrained but by a contiguous 

Body 
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Body likewiſe in Motion, ( from the nature of 
Martter ; ) the fluid itſelf therefore muſt neceſſa. 
nly be in Motion, | : 

Since from the moſt exact Obſervations that 
have been made, every Planet deſcribes an Or- 
bit about the Sun, according to this Law, that 
by radii drawn from the Sun to the Planet, 
Areas are always cut off proportional to the 
Times; tis reaſonable enough that the Mcher 
or Fluid Orb of each Planet ſhould move about 
the Sun after ſuch a manner as may agree with 
the ſaid Law of Motion. And this” will be 
done, if each of the innumerable circular 
concentric Orbs of ſmalleſt thickneſs, intq 
which the fluid Orb of the Planet is divided by 
the Mind, have its proper Circulation, ſo much 
the ſwifter in proportion, as each of them is 
nearer to the Sun; that is, if the Velocities of 
circulating, in the parts of the fluid, are re. 
ciprocally proportional to the radii or diſtances 
from the Sun. By which means it will happen, 
that whether the Planet be more or leſs diſtant 
from the Sun, the Sectors that are deſcribed in 
equal Times by the Radius, are equal. For the 
ſaid Sectors are in a ratio compounded of the 
direct ratio of the radii or diſtances from the 
Sun, and of the reciprocal of the Arcs or Cir- 
culations, and therefore (from the nature of the 
Circulation) in the ratio of equality. The Cir- 
eulation above deſcrib'd (where the Velocities of 
Circulating are reciprocally proportional tothe 
diſtances from the Center) he calls Harmonic, be- 
cauſe ſuppoſing the Diſtances from the Center 
to increaſe equably or Arithmetically, the Cir- 
culations decreaſe in an Harmonic Progreſſion ; 
being reciprocally proportional to the Quan- 
tites that are in an Arithmetic Progreſſion, 
which is the known property of Harmonic Pro- 
portionals, | This 
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of This Great Man therefore ſuppoſes the Pla- 
net to be moved by a double Motion, or one 
compounded of the Harmonic Circulation of 
its deferent fluid Orb, and of a Paracentric ac- 

cels to and receſs from the Sun. The Circula- 

tion of the Ether therefore makes the Planet 
. Wh circulate Harmonically, not by any Motion of 
ies own, but as it were by a perfectly quiet 

er ſwimming in a deferent fluid, whoſe Motion 

ic obeys. Conſequently neither retains an im- 

petus of circulating ſwifter, than it had in an 

e iaferior or nearer Orb, but one that languiſhes 

and leſſens, as it paſſes through the ſuperior (re- 

ſiting a greater Velocity than their own) till 

at laſt it inſenſibly accomodates itſelf to the 

Oct ic approaches; and on the contrary, while 

ic moves from the ſuperior to the inferior Orbs, 

of it receives their Impetus. Conſequently the 

e. Harmonic Proportion holds not only in Arcs of 
Circles, but in deſcribing any other Curve. 

= For the Area deſcribed in an Element of 
m Time, cut off by radii drawn from the Sun to 

the Planet, moved in any other Curve, doth 

ge not comparably differ from the Sector of a 

ne Circle, whoſe Angle at the Center is the ſame, 

ne and radius any one of the preceding. 


*. The other Motion compounding with the 
he WT former, the intire Motion of the Planet (name- 
- y theParacentric,) ariſes from a double Curve, 


of namely, the excuſſory impreſſion of Circulation and 
* the Sun's attraction (or what is equivalent) com- 
af pounded together. For ſince every Body en- 
deavours to recede from the Curve line, it de- 


3 ſcribes, along a Tangent, by this Motion alone, 
: be Planet carried by the Vortex circulating 
n. Harmonically, will recede from the Sun. And 
A theſe Centrifugal Forces are ſhewn by the Au- 
o. chor, to be reciprocally as the Cubes of the 
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radii. The other component part of the Para. 
centric Motion is the Sun's Attraction, or what 
ſupplies the place of it, the Planets Gravity: 
And tho' he call this Force Attraction, he doe; 
not queſtion but it is derived from the impulſe of 
the ambient Fluid, like the actions of the Mag. 
meſa) ©: | 

Becauſe it is cerfain by Obſervation; that 

each primary Planet deſeribes an Elliptic Orbit, 
in one of whoſe Foci is the Sun, ſo as that by 
radii drawn from the Sun to the Planet Areas 
are always cut off proportional to the Times; 
and there is no Law of Circulation in a Vor- 
tex thar anſwers this condition, but the Har: 
monic: It remains that a Law of Gravity be 
ſought after, that join'd with the Centrifugal 
conatus of the Body circulating Harmonically, 
may compoſe a paracentric Motion, which it 
conjunction with an harmonic Circulation 
makes the Body to move in the Perimeter of an 
Ellipſe, which (after the premiſing of a Lemma 
ſhewing the ratio of a Circulation in a Conic 
Section to the paracentric Velocity) he defines, 
by demonſtrating the following Theorem: 
a heavy Body be carried in an Ellipſe (or any othet 
Section of a Cone} with an harmonic Circulation; 
and the Center both of Attraction and Circulation be 
in the Focus of the Ellipſe ; the Attractions or Sollici+ 
zations of Gravity will be as the Squares of the Cir. 
culations direfly, or as the Squares of the radii 4 
diſt ances from the Focus reciprocally. 

He has found therefore that there is ſuch 
thing as Gravity in the Planets, tending to the 
Center of the Sun, the Law of which is, that 
it is reciprocally proportional to the Squares o 
their diſtances from the Center. And he farthet 
acknowledges that this Law was known before 


to Mr. Newton ; his Principles of Philoſophy 9 
pub- 
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publiſhed before that time, and an account of 
them given in thoſe Leipſic Acts. 

After having annexed ſome Corollaries na- 
turally flowing from his chief Theorem, he clo- 
es his Phyſico-Aſtronomical Eſſay, with a con- 
feſſion that there remained two things to be 
done on this Argument: The one is to explain 
what motion of the ther it is, that makes the 
lanets heavy, or impels them towards the Sun, 
and that reciprocally as the ſquares of the Di- 
iinces, or (as he expreſſes it) as the ſquares of 
he Vicinities: The other is, what is the cauſe 
pf the compariſon of the Motions between 
be different Planets of the ſame Syſtetn, that 
he Periodic Times ſhould be in the ſeſqui- 
alter ratio of the mean Diſtances. And ſince 
according to the Author) they both ought to 
lepend upon the contiguous Bodies, all which 
e calls by the name cf the ther, theſe two 
end to explain more diſtinctly the motion of 
he Vortex or Ether that conſtitutes each Sy- 
em, But theſe things requiring a deeper 
earch, , and therefore not to be contain'd in 


KG, = 

i Wo final compaſs ds a Sheet, he fays, tis mote 
% roper for him to publiſh his Thoughts upon 
n lat Matter ſeparately. 


* pfirostrion LXXVIII. 


O point at ſich Things as are not agreeable fo 
Natural Philoſophy, in the above recited Cau- 
ts of the Celeſtial Motions, aſſigned by Mr. Leibnitz 

» bis Eſſay. 2 
There are ſome of the Reaſons againſt Cor- 
boreal Vortices carrying Planets, that likewife 
make againſt the above defcribed Eſay of Leib- 
nItZ about the Cauſes of the Celeſtial Motions ; nattie- 
ly, that che Paths of ſome Comets are very 6b- 
que to the Zodiac, ſometimes they cut this 
N Plane 
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Plane at Right Angles, nay, they are even d 
rectly contrary ſometimes to the courſe of 8 
Planets. And ſince the Comets (all the whil 
they are obſerved by us) deſcribe Areas aboy 
the . proportional to the Times, by parig 


of regſon, an Harmonically circulating Vort 
ought to be ſuppoſed, ſuch an one being 
neceſſary for the motion of a Comet as of 
Planet; that is, there ought to be one Vorte 
contrary to another. 1 
In conſidering indeed but one Planet carr 
about the Sun (or any other Center) if it h 
to be carried by a Vortex, without any prop 
motion of its own, only ſwimming quietly ; 
long in a deferent Fluid, circulating Harmon 
_ cally, and obeying its Motion, (which the Ay 
thor ſuppoſes; ) the Vortex ought to circular 
Harmonically, ſo as that the Areas cut off by Ras 
drawn from the Planet to the Sun, be props 
tional to the Times. No other conſtitution d 
a Vortex can make the ratio between the Are 
and Times to be the ſame. If therefore d 
Vortex of our Author will not ſolve the Mot 


ons of the Planets, certainly no other will. M - 
this being once ſuppoſed, all the reſt, whit * 
our Author draws from thence by Geome mt: 
proceeds very well and juſtly, as things uſuali ue 
do under his Hand. To which I add, that ſud Fry 


Vortex as this(whoſe Fluid circulating Harms 
nically in a Plane thro' the Center, to whid 
the Axe is perpendicular,) may be produce 
Mechanically, by a ſolid Sphere, if it be reyk 
ved in an uniform and infinite Fluid, about 4 
Axe given by poſition, with an uniform Motioh, 
and the Fluid be made to move round by tis 
ſole impulſe of it, and every part of the Flui 
perſevere in its motion uniformly. And this ¶ nic 
2 third thing, which remains for the Author pe 
* wh | OR ne 2p phe 
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xplain concerning the motion of the Solar 
ortex or Æther; namely, how it might be im- 
pelled and put into an Harmonic circulation, 
or, ſince univerſally the Times of deſcribing 
or running any Space, are ditectly as che Spa- 
es run, and reciprocally as the Velocitiq;; and 
na Circular motion the ſpaces run in one revo- 
ution are as the radii, and in an Harmonic cir- 
ulation the Velocities or Circulations are reci- 
procally as che radii; tis evident, that the Periodic 
imes of the parts of a Vortex circulating Har- 
onically, are as the Squares of the radii ; But 
e have demonſtrated, Prop. 75. that this is the 
property of a Circulation in a Plane thro' the 
enter,towhich the Axis is perpendicular in the 
ortex, put into its motion by a central Sphare. 
But, if the motions of two or mote Planets 
de compared together, it will appear, that the 
wud Matter of the Solar Vortex is not moved in 
an Harmonic Circulation. For we have alrea- 
y demonſtrated, that the Periodic Times of 
he parts of a Fluid circulating Harmonically 
and conſequently of Bodies that are carried by 
quiet ſwimming in the Fluid) are as the 
dquares of the radii. But the Periodic Times 
df the Planets are not as the Squares, or in the 
luplicate, but in the ſeſquiplicate ratio of the 
diſtances from the Center. And therefore dif- 
rent Planets are not moved by an Harmonic 

circulation. 
The Author no doubt will ſay, that he did 
dot ſuppoſe that the whole Fluid of the Solar 
ortex was moved by a continual Harmonic 
circulation, no where interrupted, from Mer- 
cury to Saturn inclufively ; but that the Fluid 
carry ing about Mercury moved in an Harmo- 
nic Circulation from its Perihelium to its A- 
phelium; then (this Harmony being interrupted,) 
N 2 again 
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again Circularly harmonical from the Peri. 
helium of Venus to its Aphelium, but not in an 
Harmony continued with the former circulati 
on near Mereury ; that is, ſo as that the circy, 
lation of the Fluid carrying' Venus, is to the cir. 
culation'of the Fluid carrying Mercury, as the 
diſtance of Mercury from the Sun, is to the dj. 
ſtance of Venus from the ſame: And again 
(the former Harmony being interrupted, ) the 
Fluid carrying the Earth is moved Harmonically 
from the Perihelium of the Earth to the Apheli. 
um, if this Harmony be conſidered ſolitarily, and 
not compared with the Harmony of the Fluil 
to Venus or Mercury; and ſo on in the other 
Planets : that is, that by reaſon of the thickneſ 
of each Orb, there holds a particular Harmony 
ſeparate and diſtinct from the reſt ; and in like 
manner in the Satellites of Jupiter and Saturn, 
aſcending from the Center of Jupiter and &. 
turn. But it muſt be confeſſed, that the Author 
does feem likewiſe to extend his Harmonic cit- 
culation alſo to different Planets, in Parag. 11, 
where he ſays : I double the diſtance, only a fourth 
part of the Angle ſeen from the Sun, is finiſhed i 
the ſame Element of Time; in triple the diſt ance on 
the niath part: For certainly theſe numbers hare 
no place in the ſame Planet. But if, (as he 
ought principally to do,) he ſpeaks expreſly con- 
cerning the interrupted Harmony of the ciret- 
lating parts of the Fluid, he will hardly per 
ſwade Philoſophers that things are thus; name- 
ly, that by reaſon of the thickneſs of che Orb 
of Mercury there is an Harmonical circulation 


from the Perihelium to the Aphelium, or th 
Velocities of the Fluid are as the diftances from 
the Center reciprocally : But comparing t 
Circulation with the Circulation of the the! 
at any other Planet, the one is to the other ſe- 
ciprocally 


* 1 — * . : 
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iprocally as the Squares of the Radii: For we 
have demonſtrated (in Prop. 27 and 28.) inde- 
pendantly from all Phyſical Cauſes, that the Ce- 
lerities of the Planets are reciprocally as the 
Square Roots of their diſtances from the Sun. 
ertainly the Vortex of the Sun would be mon- 
rous, and theſe deferent fluid Orbs more ab- 
urd than the deferent ſolid ones, if by reaſon 
f the thickneſs of each of the ſix deferent Orbs 


l he Harmonic circulation has a place, and 
li yet this Harmony in the mean while is five 
mes ir | 

" Mines interrupted ; namely, at the interſtices of 
t he deferent. And it makes contrary to this 
let 


nterruption, that a Comet carried thro' the 
Lodiac in conſequentia, and paſſing thro' theſe 
nterſtices of the Orbs carrying the Planets, is 
oved juſt as if it were carried by an Æther 
irculating Harmonically ; that is, fo as that 
he Areas deſcribed by the radius that carries 
t are proportional to the Times. It may be 
dbſerved likewiſe, how difformly difform the 
dolar Vortex would be, in which the thicknefs 
of the Orb of Saturn, where the, Harmonic cir- 
culation of the Ether holds, is greater than the 
liſtance of Mercury from Venus, or of Venus 
Irom the Earth, or of the Earth from Mars, in 
every one of which the Harmony is interrupt- 
d; and where, having laid aſide the recipro- 
al ratio of the radii, which they keep in the 
Harmony, the circulation of any two of theſe 
compared together, are reciprocally as the ſquare 
roots of the Radii, being about to reſume the 
former Harmony. The famous Author himſelf 


tie Biſeems to have diſcovered this fault of his Har- 
au nonically Circulating Vortex, when he con- 
th feſſes, that this likewiſe was one thing remain- 
ther g, namely, to explain what ſhould be the cauſe 
11 le comperiſon of the motions between different 
* N 3 Planets 
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Planets of the ſame Syſtem, ſo as that the pa 
odie Times may be in the ſeſquiplicate ratio of t 
Mean Diſtances : For he ſaw plain enough, thy 
this could not be the effect of an Harmogj 
Circulation. ; 

Perhaps ſome: Perſons may wonder, that Mg 
Leibnitz,, who deduced the Motions of the PR 
nets from Cauſes (at firſt ſight) ſo different fron 
thoſe eſtabliſhed before, ſhould notwithſtandiy 
light upon the ſame Law of Gravity, when 
by every Planet is kept in its Elliptic Ori 
The-reaſon of that coincidence is thus: Th 
Leibnitz, makes uſe of the Matter of a Vong 
_ Circulating Harmonically for carrying the Pl, 
net about; yet becauſe in the Planet thus cam 
ed about, and deſcribing any Curve, he con 
feſſes an Excuſſory Conatus, whereby a Pag non 
would be made to move in a Right line touch ate 
ing the Curve, if not hindred. He does the (any 
as if he had made the Planet to move equi en 
in a Right line, if not hindered: For theſe tw 
Motions together make it ſo; that is, all ones im 
if it were carried in free Spaces, acted upon Hon 
no external force at all. For in both caſes 
will deſcribe a Right line with an equable M. 
tion; For the Body. deſcribing the Right ln 
with an equable Motion, runs in it after ſuch! 
manner as (by Prop. 1. Elem. 6.) that the Ares 
cut off by radii drawn to any given Point, at 
Hare! to the Times. Since therefore tiviſof 
Harmonic Circulation and Excuſſory Conati 
together perform the ſame as an equable Mott 
on in a Right line does, he could not but find the 
Law of Gravity the ſame with that found liio ] 
before; namely, that which would force the 
Planet from the ſame Right lined Tangent wich 

would run after the fame manner, into Mat 1 
fame Conig Section towards the Sun, poſit 
after the ſame manner. SECTION 


Vf 
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Oni SS TIN XI. 
DF other Syſtemes of the World, and Forces 


neceſſary to preſerve them. 


Itherto we have been explaining the old 
Philolaic Syſtem of the World, by ſnew- 
one what Phænomena would happen in it, and 
Tu bat they agree with Obſervation. We largely 
ne reated alſo concerning the Direction and Law 
Pee the Forces, whereby the Syſtem of the Sun 
ans kept in that ſtate; and after what manner the 


ding | 


uch etch briefly the Order and Motion which other 
lanWhiloſophers aſcribed to the Bodies of this Sy- 
200m, which Opinions are now-a-days called the 
t em, of their Aſſertors; and we will at the 
neh eme time ſhew the Direction and Law of the 
Forces, whereby thoſe Syſtems might ſubſiſt. 

65 it | 

Ms  ProrpostITION LXXIX. 

lin 10 deſcribe the Semi-tichonic Syſtem of the 
icht World. | TT "Ty 
eng The maintainers of this Opinion, place the 
, VV rarch, which is not moved progreffively or out 
eue its place, in the Center of the Sphere, in 
nat ehoſe Superficies ABCD, [ Fig.62.] they will have 
lot-ithe Fixed Stars to be placed. Bur grant that the 
d hearth is moved about its own Axis from Weſt 
age Eaſt by a Diurnal Motion. Beſides, in this 
. Syſtem the Sun is moved about the Earth in 
fiche ſpace of a Year, at a Diſtance equal to that 
0 tler which the Earth is about the Sun in the Pbilo- 
* le Syſtem: And about the Sun, as a Center, 


Philoſophers, who were Maintainers of it, 
hought it was done. It remains that we diſ- 
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the five Planets, viz. Mercury, Venus, Mar, 
Jupiter and Saturn, are revolved towards the 
ſame way, and at the ſame Diſtances as they 
were in that. Moreover, the Moon revolye; 
about the Earth, and about Jupiter and Saturn, 
their proper Satellites, in the ſame Periods x 
was ſaid before, at Prop. 15. e 
This Order, and theſe Motions of the great 
Bodies of the World pleaſe moſt of thoſe Phi. 
loſophers, that the other Syſtem explain'd x 
large before diſpleaſes, and which, from the . 
viyer of it, Copernicus, is commonly call'd the c. 
pernican Syſtem, as by Longomontanus and other, 
For in this the apparent Diurnal Reyolution df 
all the Stars from Eaſt to Weſt, and the proper 
or ſecond Motions of the Planets are intirely 
the ſame as in the Copernicay Syſtem, and the 
Earth continuing in the mean while in the Cen- 
ter of the Sphere of the Fixed Stars, is only 
moved about its own Axis. And tho' they 
ples the Fixed Stars in the Superficies of! 
phere, whoſe Center is the Earth, that is to 
be looked upon rather as the Aſtronomical than 
the Phyſical one, | 
For the Fixed Stars ſcattered as it were thro 
the whole Mundane Space, may be placed at 
different Diſtances, without any prejudice to 
this Syſtem ; and their Motion in conſequentia 
explained by aſcribing a yery flow Motion to 
the Axis of the Earth, as we have explained it 


in Prop. 64. * 


. PropagimiON LXXX. 


' 1 o explain the Direction and Law of the Force 
 wherehy' the Semi-tychonic Sen may be 
preſerved. £1478 n 
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' -vTis eyident firſt of all, that the ſame Forces 
and the fame Direction are neceſſary here 1 
n o + 4 | wh the 
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the keeping the five Primary Planets, Mercury, 
Venus, Mars, Jupiter and Saturn, in their Or- 
bits about the Sun, and the Attendants of Ju- 
piter and Saturn in their Orbits about Jupiter 
and Saturn, as. in the Copernican Syſtem. The 
Law there fore of the Centripetal Force, where- 
by in this Syſtem, the Secondary Planets 
of Jupiter tend to Jupiter, the Satellites of Sa- 
turn to- Saturn; and the Primaries Mercury, 
Venus, Mars, Jupiter, and Saturn, and their 
Satellites, towards the Sun, is known: For 
it is that Force which, in Prop. 47, we demon- 
ſtrated to be the ſame with our Gravity, which 
is reciprocally proportional to the ſquare of the 
diſtance, *Tis farther evident, that this Syſtem 
being ſuppoſed, the Moon is kept in its Orbit 
by Gravity propagated towards the Earth by the 
ſame Law : For Prop. 46. where this was de- 
monſtrated, holds as much, whether the Earth 
continue in the ſame place unmoved, or be car- 
ried by an Annual motion about the Sun. But 
ſince the difference between the Copernican and 
Semi=tzehonic Syſtem is, that in the latter, the 
Sun (as it were, with its five attending Primary 
Planets and their Secondaries,) is moved about 
the Earth in an Orbit ſimilar and contrarily po- 
ſited to that, in which the Earth with its atten- 
dant is carried about the Sun in the former ; 
beſides the Force of Gravity neceſſary in the 
Copernican Syſtem, that the Earth and its At- 
tendant might be carried about the Sun, 
there is occaſion for another Force equal to it, 
but with a contrary Direction, that the Sun, 
together with the attending Planets, may be 
moved about the Earth at reſt in the Semi- 
tychonic Syſtem : For theſe two equal and con- 
trary Forces impreſſed upon the Earth, keep it 
a reſt. (Nay, if one contrary impetus and not 

to 
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to be repeated, do but put a ſtop to the progreſ. 
ſive motion of the Earth and its attendant the 
Moon, along the Tangent of the Orbis May. 
nu, and afterwards that other Force now de. 
ſcribed, a& upon the intire Solar Syſtem, the 
Copernican Syſtem will be turned into the Semi- 
tychonic. Therefore to preſerve the Semi- tycho- 
nic Syſtem, there is occaſion for both the above 
explained accelerative Gravity of all Bodies to- 
wards all others, which is, in a given diſtance, 
as the Body towards which it tends, and the 
Body being given towards which it tends, is 
reciprocally as the ſquare of the diftance ; and 
alſo of another certain Gravity, equal to that 
whereby the Earth tends towards the Sun, ad- 
ing equally upon the Sun, Mercury, Venus, the 


Earth, Mars, Jupiter and Saturn, and their At- 


tendants, along lines parallel to a Right line 
connecting the Sun and Earth, and with a di- 
rection from the Sun towards the Earth. For 
I do not reckon among theſe Forces, that Force 
whereby the Earth is revolved upon its own 
Axe; becauſe only once to be impreſſed upon 
the Earth, as alſo upon the other great Bodies 
of the World revolving about their own Axes: 
Nor do I take in (for the ſame. reaſon) that 
Force, whereby the Planets would deſcribe the 
Tangents of their Orbits: For we are now 
treating of thoſe Forces and their Law, neceſ- 
ſary to preſerve the Syſtem, and not of the For- 
ces whereby it may be produced. 


PROPOSITION ILIXXXI. 


No deſcribe ' the Tychonic Sytem of the 


Works. 

This differs from the Syſtem deſcribed in 
Prop. 79. only in this, that the Earth being de- 
prived of all Motion, is abſolutely art reſt X and 

| there- 
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therefore all the Stars, as well Fixed as Wan- 
dring, are not only carried by their ſecond Mo- 
tions, but alſo by that common or firſt Motion 
from Eaſt to Weſt, in the ſpace of a Natural 


ay. " "Ie 

Tis ſaid; that the great Tycho liked this Sy- 
ſtem beſt ; tho' others deny, that Tycho allowed 
expreſly a Diurnal Motion to the Stars. But it 
muſt be confeſſed, that he diſputes againſt the 
Diurnal Motion of the Earth as well as the An- 
nual : And conſequently it may be ſafely con- 
cluded, that he aſcribed a Diurnal Motion to 
the Heavens and all the Stars. | 


 ProPostITION LXXXII. 1 
| O explain the Direction and Law of the For- 
ces, whereby the Tychonic Syſtem may be 
preſerved. | | "M 
The ſame Forces that are required. in the 
Semi-Tychonic Syſtem, are required alſo in the 
Tichonic, ſince the ſame motion of the Sun and 
Planets are ſuppoſed in both. And beſides theſe, 
ſome other Forces, whereby all the Stars, both 
Fixed and. Wandring, are drawn from their 
Rectilineal motions and retained in their Or- 
bits, which they deſcribe by their Diurnal mo- 
tion about the Earth. But theſe Forces, ſince 
the Periods in all are the ſame, are (by Corol. T. 
Prop. 26.) as the Semi-diameters of the Circles 
they deſcribe. And therefore, beſides the For- 
ces explained in Prop. 80. there will be need of 
another Force tending towards the Earth, that 
increaſes in the receſs from the Earth as the di- 
ſtances increaſe; contrary to what happens in 
Gravity thro' the whole Solar Syſtem, and in all 
Natural Virtues propagated from a Center, or 
to a Center, in Right lines, every way thro' 
ihe Regions round about, which (by Prop. 48.) 
in 
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in its receſs from the Center, is lefſen'd in the 
duplicate ratio of the diſtance increaſed. And 
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that this Force, whereby the Stars are retarded 
in their Orbits, deſcribed by their Diurnal Mo- 
tions, may be the more eaſily eſtimated, let it 
be compared at the Moon with the Force of 
Gravity, whereby (by Prop. 46.) the Moon is 
retained in the Orbit, ſhe deſcribes in her 


Monthly Courſe round the Earth. And ſince 


the Circles deſcribed by the Moon in her 
Monthly and Diurnal Courſe, are equal, the 


Forces whereby the Moon is retarded in them, 


ſquares of the Times ; that is, the Force where- 


(by Corel. 3. Prop. 26.) are reciprocally as the 
by the Moon, Times ſhe is carried in the Equa- 


tor by a Diurnal Motion about the Sun) is kept 


from flying off in a Right line, which is a Tan- 
gent to the Orbit, is to the Force, whereby it 
is kept in the Orbit that it deſcribes about the 
Earth in a Periodic Month, as at 27 x 27 to 1; 


or as 729 to 1. But this Force tending towards 


the Earth, holds only in thoſe Stars, which are 
placed in the Equator : For the Force, where- 
by any Star declining on one ſide of the Equa- 
tor, towards either of the Poles, is retracted 


from the rectilineal Motion, and kept in an 


Orbit parallel to the Equator, (by Prep. 12.) 
tends to the Center of that Circle, and not 
to the Earth, which is ſituated without the 
Plane of it; and it is, (by Corel. 1. Prop. 26.) 
as the Semidiameter of that Circle; that is, in 
a given diſtance from the Axe, equal or the 
ſame, and in a given diſtance from the Earth, 
as the Coſine of Declination. 

To prelerve therefore,the TychonicSyſtem, there 
is required 1. That accelerative Gravity of all 
Bodies towards all others, which in a given di- 
ſtance, is as the Body towards which it tends ; 
| an 
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and the Body being given towards which it 
tends, is reciprocally as the Square of the Di- 

ſtance. 24dly. Another accelerative Force e- 
qual to that whereby the Earth, by a ſuperior 

Force,tends towards the Sun, and acting equal- 

ly upon the Sun, Mercury, Venus, the Earth, 
Mars, Jupiter, Saturn, and their Attendants, 

along lines parallel to a Right line connecting 

the Sun and Earth, and with a direction from 
the Sun to the Earth. 34ly. An accelerative 
Force, tending towards the neareſt Point of the 
Axis of the World, proportional to its diſtance 
from that Point, and reaching to the fartheſt 
Fixed Stars. 4thly. Another Force like it tend- 
ing to the neareſt Point of the Axis of the E- 
cliptic, and proportional to the diſtance from 
that Point. This is the Force, whereby the 
Fixed Stars are retain d in the Orbits, which 
they deſcribe in their proper motion from Weſt 
to Eaſt, upon the Poles of the Ecliptic, and 
does not act at all in the Places that lie be- 
tween the Center and the Fixed Stars, but be- 
gins to act at the Fixed Stars themſelves ; and 
5s (by Corel. 3. Prop. 26.) to the like Force in 
the Axis of the World, in the duplicate ratio of 
the Natural Day, to the Period of the Fixed 
Stars upon the Poles of the Ecliptic. And theſe 
four will ſuffice. 


. PRoPosITION LXXXIII. 
T O deſcribe the Ptolemaic Syſtem. 


In this Syſtem the Earth continues abſolutely 
at reſt in the Center: Next to the Earth, the 
Moon, then Mercury, afterwards Venus; a- 
bove Venus the Sun, next Mars, then Jupiter, 
and Saturn ſurrounding Jupiter juſt as in the 
Scheme, [ Fig. 63.] finiſhing their . 

under 
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der the Zodiac from Weſt to Eaſt. Above Sa- 
turn the intire Sphere of the Fixed Stars, (whoſe 


Center is the Earth, ) is alſo revolved very ſlow. 
ty from Weſt to Eaſt, upon the Poles of the 
Ecliptic. But both the Fixed Stars and all the 


Planets, revolve upon the Poles of the Equator 
from Eaſt to Weſt, in the ſpace of a Natural 
Day. We don't reckon up the ſeveral Orbs, 
which the aſſertors of the Prelemaic © Syſtem, 
place above the Fixed Stars; ſince they are on- 
Iy of uſe in the Theory, and don't belong to the 
pectable World. And for the ſame reaſon, 
we omit likewiſe the Epicycles of each Planet: 
Forin the Orbits here delineated, the Centers 
of the Epicycles themſelves are carried about, 
in whoſe Circumferences the Bodies of the Pla- 
nets themſelves are moved. 
In this Scheme of the Planets, we have not 
delineated the Orbits according to the propor- 
tion they have in the Heavens; as well becauſe 
Prolemy himſelf has not declared it in any, but 
the Sun and Moon; and becauſe that tho' the 
Circles, that carry about the Centers of the Epi- 


cycles, are at ſome diſtance, yet the Heavens 


of the Planets are, in this Scheme contiguous, 
the inferior ſometimes in the Apogæum, aſcend- 
ing from the Earth, to a diſtance equal to that, 
to which the next ſuperior deſcends in its Peri- 
zum : as becauſe the Orbits of Mercury and 
enus, (not to-mention the Moon) taken from 
the Theories of Ptolemy, do almoſt vaniſh in re- 
ſpect of the Orbit of Saturn, and therefore are 
hardly to be deſcribed in this Scheme: For in 
this Syſtem, the diſtance of Saturn from the 
Earth, is an hundred and ſixty times greater than 
the diſtance of Mercury from the Earth : But 
in the Copernican Syſtem, the diſtance of Mer- 
cury from the Sun, is only four and twenty 
times 
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times leſs than the diſtance of Saturn from the 


une, 3 (Ha 4%; 

. Tho the Order of the Planets deſcribed above 
" Wl pleaſed the generality of Philoſophers and A- 
0 

% ſtronomers, yet there were ſome, who placed 
„che Sun next above the Moon, then Mercury, 
and then Venus; and this Opinion is uſually a- 
N ſeribed to Plato: Bur Porphyrius placed Venus im- 
„ mediatelv above the Sun, and Mercury above 
J 


Venus, tne three others (Mars, Jupiter and Sa- 
* turn) continuing as before: Perhaps induced by 
this reaſon, that it was better for the two Lum» 


1 naries to be neareſt the Earth; whereas the Pro- 

1 leneans minding their motions more, placed the 
Sun in the middle of the Planets, being ſatisfi- 

0 ed that the motions of the other Planets in their 
Epicycles depended upon the motion of the 
0 Sun. | Nn 

0 PROPOSITION LXXXIV. 


ol ＋ O explain the Direction and Law of the Forces 
4 whereby the Ptolemaic Syſtem may be pre- 
red. dau xt 4 | | - *s. 
, Firſt, for the keeping the Stars within the 
| Orbits de deſcribe, by their Diurnal Motion 
about the Earth; the ſame Forces are neceſſary 

here, as were in the Tycbonic Syſtem, for the 
producing the ſame Effect; namely, ſuch as 
may tend from any Point of the World to the 
neareſt Point of the Axis, and be in the ratio 
of the diſtances from it. Secondly, to contain 
the Fix d Stars within the Orbits which they 
delcribe, by their proper motion from Weſt to 
Eaſt, Forces like thoſe made uſe of in the Ty- 
chonic Syſtem, are neceſſary. Then to keep 
the Luminaries (the Sun and Moon) in the Or- 
bits which they deſcribe by their ſecond Moti- 
ons; fince theſe Orbits are ſimilar to their 
its 


% 
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bits in the Tychonic Syſtem, the like Forces wil 
be neceſſary in this Syſtem, to retain them in 
the ſaid Orbits, as in that; namely (by Prop. 80.) 
the accelerative Gravity of the three Bodies, 
Sun, Earth and Moon, towards one another; 
(that may not affect any other Mundane Bodies, 
tho' they lie between them, ) which, in a given 
diſtance is as the Body towards which it tends, 
and towards a given Body, 1s reciprocally a 
the Square of the diſtance from it; and be. 
ſides, another ſort of Gravity equal to that, 
whereby the Earth would tend towards the Sun, 
acting equally upon the Sun, Earth, and Moon, 
by Lines parallel to a Right line, connecting 
the Sun and the Earth, and with a ditection 
from the Sun to the Earth, but ſuch as affeds 
no other Planet. For that Force, whereby thi 
Sun 1s retained in its Annual Orbit, 1s not the 
fame with that whereby the Moon is retained 
in its Menſtrual Orbit, propagated unto the Sun: 
For the Force, whereby the Moon is kept in 
its Orbit, is the ſame with Gravity, with us, 
i by Prop. 46.) But if the Sun were retained by 
the ſame Force, propagated fo far as itſelf, 
the Cubes of the Diſtances of the Sun and 
Moon (by Prop. 27.) would have the ſame ratio 
as the Squares of their Periodic Times; and 
therefore ſuppoſing the diſtance of the Moon 
from the Earth to be 60 Semidiameters of the 
Earth, the Sun would not be above 340 Semi- 
diameters of the Earth diſtant ; and its Hori- 
Zontal Parallax would be above 9 minutes, con- 
trary to all Obſervations; and beſides, there 
would be no room for the Epicycles of Mercu- 
ry and Venus, between the Heavens of the 
Moon and the Sun, where they are placed ac- 
cording to this Syſtem, 


Some 
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Some of this Sect of Philoſophers are not 
ling to put any more than a mental diſtin⸗- 
tion between the Motions of the Sun and 
oon under the Zodiac, and the Diurnal 
otions upon the Poles of the Ayquaror, ſo 
hat the motion of each is really in the fame . 
imple Spiral Line, ariſing from the compoſition: 
of the above-mentioned motions, into which 
3 Wheſe Celeſtial Motions are imagined to be di- 
ided by Aſtronomers, for che greater eaſe; and 
he moſt ſimple Motion in 4 Right line, may 
de compounded of two or more Motions. But 


n, Wecauſe that Spiral is not a Line deſcribed in 4' 
ng WP lane, a Body can't (by Prop. 1 T.) be retained 
on n it by a ſingle Force tending to an immovable 


oint. Either therefore, there is need of the 
everal different Forces deſcribed above, or of 
ſingle Force equivalent to them, rending to 
Point moved in the mean while forward and 
ackward; and that in a very compounded 
me. . | ; 


us, WF Beſides, to keep the other Planets (Mercuty, 
by enus, Mars, Jupiter, and Saturn) within the Or- 
l, ies they deſcribe by their proper Motion, the 
nd orces tending to the Earth are not ſufficient; 
io Nas was demonſtrated, Prop. 1 3;) nor are the For- 


es tending to the Sun, ſince the Orbits of Ve- 
us and Mercury do not ſurround the Sun in 
his Syſtem, and for that reaſon they are not 
oncave toward him in all their Parts : Where- 
fore, from Prop. 1 1. the thing propoſed is cer- 
tain, And there is no Point in the Syſtem, 
much leſs a Body worthy to be take notice of; ) 
hat can be 4 Center, to which the Forces may 
tend, whereby the Planets are kept from gc- 
ing off in the Tangents; one of the above- 
mentioned reaſons contradicting im. 


me O But 
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in the Planets; then there will be need of; 


Mercury,) tendiug to the center of the deferen 


need of a peculiar Force for the keeping every 


But if this Prolemaic Syſtem be underſtood l. 
terally, that is, if the motions deſcribed by pn 
lemy, are not look d upon as motions only ſe 
parated by che Mind, but as ſuch as are really 


Force in the center of the Epicycle of even 
Planet, (Saturn, Jupiter, Mars, Venus an 


that is, in an imaginary Point, (or where then 
is no Body at all,) to an imaginary. Point: Ani 
belides, there is need of a Force in the Planet 
itſelf, that may tend to the center of the Epi. 
cycle; that is again, a Force in a Body, that 
may tend to an imaginary. Point. But even 
thoſe Forces whereby each Planet, and the cen. 
ter of its Epicycle are urged, are not propags 
ted beyond its proper Point and Planet, nor d 
they affect any other Planets ; and there is fil 


center of an Epicycle, and every Planet in it 
proper Orbit; ſo that there is no Law which 


reſpects all the Planets: And the ordinary r- 


ſpective Gravity of the Satellites of Jupiter and 
Saturn, towards the centers of Jupiter and & 
turn, continue in the mean time untouched. 
After that the Phaſes of Venus and Mercury 
were obſerved by the help of Teleſcopes, the 
Prolemean Syſtem of the World was ſoon thrown 
aſide by Philoſophers :, becauſe tis evident from 
them, that the Orbits of Mercury and Ven, 
muſt encompaſs the Sun; as was ſhewn in Schu. 
Prop. 6. Such therefore as ſtill maintained, that 
the Earth was Immovable, made Mercury and 
Venus move in Epicycles round the Sun a8 
Center ; thus far embracing the Philolaic Syſtem 
of che World, and bringing in again the old 


Egyptian one; that Vitruvins in his Book of Arch 


teqtm 
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echre, and Venerable Bede in his of the Nature of 
ings, approved of. 
Ricciolus in his Alimegef adds Mars to the At- 
tendants of the Sun; ſo that ſuch as have no 
ol Satellites of their own, are made Satellites to 
"© the Sun, and only Saturn and Jupiter that have - 
an Satellites, beſides the Luminaries, revolve about 
ne Earth, as their immediate Center; and this 
Syſtem, which is almoft the ſame with the Y- 
thonic, he calls his own. | 
0. There is no need of explaining the Forces 
8 and their direction, that are requiſite to pre- 
au ſerve the «Egyptian Syſtem, or that other, which 
dans little different from it, the Ricciolic: For that 
r ppears very eaſy, from what has been faid a- 
6 bove. As they are compoſed of the Syſtems 
u ready deſcribed, ſo the Forces — to 
preſerve them, are parts of the reſpective Forces 


iy explained before. 
ich  _SCHOLIUM.. 
hi This Section was ſubjoin'd, to the end, that 


8 hot only Aſtronomers, (who are no ways afraid 

"I of a multiplicity of the Celeſtial Motions, and 
ne it a Poſtulate, that any Star may be mo- 
Wl ved with any motion, ) weighing the ſeveral dif- 
ſerent Syſtems, might embrace that which agrees 
"oy beſt with the Phænomena: But that the Philo- 
lophers may likewiſe chuſe ſach a Syſtem as 

eſt agrees with Nature, namely, either the Old 


5 Philolaic or Copernican Syſtem, which agrees with 
| de Phenomena, and may be preſerved by Gra- 
"" "ity alone, propagated in the ſame tenor thro' 
5 the Univerſe ; or by an accelerative force of all 


or Bodies towards all others, that is, in a given 
diſtance, as the Body towards which it tends, 

and reciprocally as the ſquare of the diſtance, 
When the Body is given towards which it _ ; 
O 2 7 
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Or the Semi-tychonic, deſcribed in Prop. 79. tha 
performs the ſame, as the Copernican, in reg 
of the Phænomena; but then beſides the fame 


Gravity, as is requir'd in the Copernican Syſtem, 
—— 80.) it ſtands in need of another Force! 


( 
_ whoſe Magnitude and Direction are perpety: 
ally changed; for this Force is equal to that, 
whereby the Earth would tend towards the Sun, 
and acts equally on all the Bodies of the Solar 
Syſtem, according to Right lines parallel to 1 
Right line that connects the Sun and Earth, 
and with a direction from the Sun towards the 
Earth: Or (if it be reſolved upon, that the 
Earth ſhall be or is intirely at reſt) the Doch 
nic Syſtem deſcribed in Prop. 81. doing the ſame 
as to the Phænomena, in which (by Prop. 82) 
beſides: the two aforeſaid Forces, there is need 
of two more; namely, one equal in every point 
of the Axis of the World, that encreaſes as the 
Diſtances, and is at the Moon to the Force df 
Gravity in the duplicate ratio of the Periodic 
Month, to the Natural Day; and another Force 
like it, and ſimilarly propagated in every point 
of the Axis of the Ecliptic, that acts only upon 
the Fix d Stars, and is at the Fix'd Stars to the 
former Force in the Axis of the World, in the 
duplicate ratio of a Natural Day, to the great 
Year, or period of the Fix'd Stars upon the Poles 
of the Ecliptic: Or the Prolemaic Syſtem itſel 
deſcrib'd in Prop.83. But this does not agree with 
the Phenomena of the Heavenly Bodies, as has 
been ſhewn'in Prop. 84. But if, ſetting aids 
the Phænomena of the Phaſes of Mercury and 
Venus, we only attend to ſuch Phænomena 4 
were known by Prolemy,and his Syſtem be taken 
tor true; (by Prop. 84.) beſides the two forts df 
Attractive Forces, equally diffuſed thro the Ax 
of the World, and the Axis ofthe Ecliptic, there 
5 15 
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need of an accelerative Gravity of the Sun, 
arth and Moon towards one another, without 
fecting any of the other Planets, which if the 
liftafice be given, is as the Body towards which 
tends, and towards the given Body, recipro- 
ally as the ſquare of the diſtance from it; and 
eſides, there is occaſion for another Gravity, 
equal to that whereby the Earth would tend 
oward the Sun, ) acting equally upon the Sun, 
arth and Moon, along lines parallel to a Right 
ine connecting the Sun and Earth, and with a 
liretion from the Sun towards the Earth. 
Dyer and above, it ſtands in need of a particu- 
ar Force in the center of the Epicycle of each 
f the Planets, Saturn, Jupiter, Mars, Venus, 
nd Mercury, that tends to the, center of its 
beferent; and ſtill of another particular Force 
the Planet itſelf, tending to the centre of its 
roper Epicycle, without any prejudice in the 


en while to the ordinary Gravity of the Sa- 

llites of Jupiter and Saturn, But if rhe «Apgyp- 
"Wh: (or Ricciolic) Syſtem be moſt fancied, 
* which indeed may be made to ſolve the Phæ- 


lomena,) then, (beſides the Forces reſiding in 
he Axes of the World and the Ecliptic,) there 
need of a mutual Gravity of the Sun, Mer- 
ury, Venus, the Earth with the Moon, -( and 


_ ars, ) as in the Copernican and 7 ychonic ; but 
eich an one as does not reach ſo, far as Jupiter 
has nd Saturn ; and beſides, of a Force equal to 
ſide hat, whereby the Earth would tend towards 
and he Sun, which acts equally vpon the Sun, 


ercury, Venus, the Earth together with the 
oon (and Mars,) along Right lines parallel 
02 Right line connecting the Sun and Earth, 
nd with a direction from the Sun towards the 
Arth; and beſides of a particular Force in 
O 3 the 
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the Center of the Epicycle of both P 

2 piter and Saturn, that — to the om 
es Deferent, and of 8 particular Force in jup 
ter and recen? tending to Oy Dy” of they 
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The Seconr Book: © 


CC 


"a. dt. Mo atten — 


. Of the Firſt Motion. 


N; the preceding Book, we have laid down 
the Principles of a True and Phyſical Aſtro- 
nomy; that is, we have explained, in gene- 
ral, the motions of the Stars, as are really in na- 
ture: But ſome notice mult be taken of the Ap- 
pearance of them ; that is, the Elements of an 
Aſtronomy fitted to them, are to be formed. 
For as it is out of all doubt to any Philoſopher 
that conſiders the Reaſons of Things, that the 
Earth is carried about among the Planets, ſo tis 
lkewiſe certain, to every one that enjoys his 
sight, that the Earth appears at reſt, in the 
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middle of the Univerſe, and that the Heaven 
and all. contained by them, are moved a8 
Senſe, round about it. Now not only the res. 
ſon of this Phznomenon is to be aſſigned, (which 
. has already been done; in the foregoing Book, 
but the Methods muſt be explained, that the 
Aſtronomers have uſed, to define the places of 
the Stars, ſeen from the Earth, who either 
thought, with the common People, that thing 
were really fo as they appear, or who thought 
that this Syſtem of Appearances ought to be re. 
tained, tho they knew for certain, that thing 
were not after this manner; and that "tis ac. 
cording to this Syſtem that we muſt ſpeak with 
the common People; and not make our Reaſon 
and Philoſophy. perpetpally offer violence tg 
our Sight and other Senſe. 
Jo this end is this Second Book deſigned; 
namely, the explaining the Words us'd in Aſtro- 
nomy, and the giving the deſcription and uſe 
of Spheres, Globes, and other Inſtrument; 
made to ſet before our Eyes principally the Di- 
urnal Motion, .and in general to ſearch outin 
this Phyſical Syſtem, and to handle according 
to the apparent Syſtem, and Calculate all thoſe 
matters as are uſually ſaid by Aſtronomers to 
belong to the Doctrine of the Sphere: And thi 
the Doctrine of the Sphere be uſually firſt tres 
ted of, by all Authors, we have not been afrail 
to jnvert the Order; ſince by this method better 
care is taken againſt young Perſons in learning 
Aſtronomy, their taking the Syſtem where the 
Earth is at reſt for true, to which they are fir 
accuſtomed, and to which they are more in- 
clined by their Senſes; and that the Doctrine dl 
the Sphere, in Kepyer's judgment, /t:nds in need cf 
Jewver..l things, that are borrowed of" the Theoric pan 
of © Aſfrenomy (or Doctrine of the proper MO 
_ ; 0 


4 dull , "wi 
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ng, of the Planets, a faint Draught of which you 
o WM had in the preceding Book,) by anticipation, where- 
e os the Theoric Part may be deliver d alone, without 
> il needing the aſſiſt ance of the Diurnal or Firſt Motion, 
-F . Dotirime of the Sphere, which treats of it. 
the 1 . | —— 3 
nll SECTION I. 

70 Of the Generation of the Circles of the 
am | Sphere, and of the Terms uſed in Aſtro- 
no; nomy, depending thereupon. 0 


„ 


n Poros fro I. 
fon O "explain the generation and nature of the 
; tq Ecliptie and Zodiac, and the diviſion of them, 


alſo of the Secondaries of the Ecliptic, and their uſes, 
eds — the Terms uſed in Aſtronomy depending upon 
them. | F 

An Obſerver placed upon the Earth, by ex- 
tending his Sight every way equally, if not 
hindered, bounds the World by a Spherical Su- 
perficies concentric with himſelf, (that is, with 
the Earth) and judges all remote Objects, whoſe 
Giltance is unknown, tho really very unequally 
removed from one another, to be placed as it 
were in the ſame concave ſpherical Superficies; 
as for inſtance, he does the Fixed Stars, Sun, 
and Moon itſelf; as was ſhewn in Prop. 32. B. 1. 
This Sphere, concentric to the Earth and ſur- 
rounding it, defined by the Sight, and beſpan- 
gled with the twinkling Fixed Stars, ſupplying 
the place of an abſolute Space, is conſider d as 
at reſt; while we abſtract from the Diurnal 
Motion, whereby this intice Sphere, or rather 
the whole Heavens, are revolved from Eaſt to 
Weſt in the ſ:me Space of 24 Hours. But ſince 
by reaſon of the Annual Motion of the Earth 


about 
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F 


about the Sun, the Sun ſeen from the Earth 
ſeems to move forward daily towards the more 
Eaſtern Stars (as was ſhewn in Prop. 2. B. 1.) the 
Sun will ſeem to move in this immovable Sphere 
or Mundane Space; and its Path marked among 
the Fixed Stars is call'd the Ecliptic, becauſe 
the Eclipſes of the Luminaries happen only in 
this Line; as was ſhewn above, 
Having once ſettled the Ecliptic, 'tis evident 
that as all the Orbits of the Planets about the 
Sun, are not in one Plane, but each of the Plz. 
nets ſeen from the Sun, makes an excurſion, 
ſometimes on this ſide, ſometimes on that fide 
of the Way of the Earth, mark'd among the 
Fix'd Stars ; ſo the ſame Planets ſeen from the 
Earth, make an excurſjon ſometimes on this 
fide, ſometimes on that fide of the Ecliptic, and 
even in the ſame points of their Orbits ſeem u 
run off variouſly, according to the different ſity- 
ation of the Earth, (as was ſhewn in Prop. 5. and 
8. B. 1.) But their greateſt excurſion is con. 
tained within the boundaries of ten Degrees; 


the Aſtronomers therefore have called that tra 


which the Sun, Moon, and Planets ſeem to 
dorn with their motions, and- which 1s a Zone 
or Belt, twenty Degrees broad, (ten on each 
ſide of tlie Ecliptic,) by the name of the Z- 
diac, from the images of Animals, which the 
Fixed Stars, in that tract, ſeem to repreſent. 
The number of the images, pitched upon by 
them, is twelve; either becauſe this number 
feems the fitteſt, for its being diviſible into parts 
without a remainder, as two, three, four, fix, and 
twelve; or becauſe, while the Sun ſeems to run 
thro the Zodiac, in the ſpace of a Year, there 
happen near upon. twelve Lunations, or the 
Moon runs thro' all her Phaſes twelve times. 
Theſe parts of the Zodiac are called Signs, and 


their 
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their marks are, Aries V, Taurus 8, Gemini xr; 
Cancer , Leo &, Virgo m, Libra , Scor- 
che pio m, Sagitarius 7, Caprisornus Y, Aquarius 
ere Ml =, Piſces . Every one of theſe Signs is again 
Ong ll divided into 30 equal parts, ſo that the whole 
uſe Circle (like all others) is divided into 360. Tho 
in the Zodiac or any other Circle has no begin- 

ning nor ending, properly ſpeaking; yet Aſtro- 
ent Wl nomers begin their reckoning from the firft 
the point of Aries, which the Sun is ſeen in when | 
12- che Days and Nights are equal, and Spring be- | 
On, ins to the Inhabitants of the Northern Hemi- 
fide — which alſo is the point of the common 
interſection of the Ecliptic and quator; as 
was ſnewn in Prop. 33. B. x. The reckoning is 
made from V/ to, 1, and ſo on, till a return 
is made to V, the beginning again towards the 
ſame way that the Sun ſeems to move about the 
Earth. And the motion or progreſs this way 
is ſaid to be in conſequentia ſignorum, or according 
to the order of the Signs; namely, that accor- 
ding to which the Sun, Moon, and almoſt the 
reſt of the Planets ſeem to move: But that Phæ- 
nomenon, which is carried in the contrary or- 
der, or from & to V, or from to X, is ſaid 
to be moved contrary to the order of the Signs, 
Or in antecedentia. : 

Becauſe the Axis of the Earth after ſeveral 
revolutions about the Sun, goes a little off 
from a Site parallel to that it formerly had, de- 
ſeribing the Superficies of a Cone, the images 
of the Stars have removed from the Signs of 
the Zodiac, to which they originally gave 
names. And this happens not upon the account 
of the motion of the Stars or the Zodiac, but 
becauſe the Æquator of the Earth is moved to- 
gether with the Axis of the Earth, ſo as that 
the interſections of the Celeſtial Æquator, * 

the 
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the Ecliptic, or Equinoctial points, (and conſe: 
quently all che points of the Zodiac, as they 
are expreſſible by numbers) remove in antecedey. 
tia; and the images or the Fixed Stars ſeem to 
be transferred, in reſpect of them, in conſequey. 
tia, as was ſhewn in Prop. 64. B. 1. -— 
If innumerable Circles be ſuppoſed to be 
drawn thro the Poles of the Ecliptie, cutting 
the Ecliptic at'right Angles, which are called its 
Secondaries, any point in the Heavens may be 
referred to the Ecliptic, by the help of them; 
that is, any Phenomenon is underſtood to be in 
that point of the Zodiac or Ecliptic, in which 
ſuch a Semicircle, paſſing thro' the Phænome- 
non, cuts the Ecliptic. And the Phænomem 
that are after this manner referred to the ſame 
point of the Zodiac, are ſaid to be conjuncd, 
or in Conjunction; but ſuch as are referred to the 
oppofite points, are in Oppoſition. If a Quar- 
ter of the Zodiac lie between the points to 
which the appearances are referred, they are 
ſaid to be in a Quartile Aſpect, but if a thitt 
part of the Zodiac, in a Trine Aſpect; laſtly, 
if a ſixth part of the Zodiac lie between them, 
they are ſaid to have a Sextile Aſpect. 
Beſides, an Arc of the Ecliptic intercepted 
between the beginning of Aries and the faid 
point of interſection, and reckoned according 
to the order of the Signs, is called, the Lovgi- 
rude of that Phænomenon or Point, as the Arc 
of a Secondary, intercepted between the E- 
cliptic and the ſaid Phænomenon or point of the 
Heavens, is called its Latitude; on which ac- 
count theſe Secondary Circles are called Circles 
of Latitude. The Latitude is either Northern or 
Southern; for the Heavens are divided according 
to Aſtronomers, by the Ecliptic, (a Celeſtial 
Circle, becauſe originally confider'd — 
£ SY (A-; 
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Heavens) into the Northern and Southern He- 


miſphere. 


Ne \_PRoeOSITION, II. 
5 O give an account of the geneſis, nature, and 
T uſes of the Celeſtial Equinoctial and its Se- 
he condaries and Parallels, and to explain the Terms uſed 
- Wn Aftronom!, depending thereon. 
15 It the Plane of the Earth's Æquator or Cir- 
t (e, lying exactly betwixt the Poles, upon which 
de Earth is revolved by its Diurnal Motion, be 
10 produced every way, it will interſect the Sphe- 
4 {Wc Surface of the Heavens, concentric to the 
Earth, in a correſponding Circle in the Hea- 
rens, and the Axis of the Earth produced will 


mark out the Poles in the ſame Sphere. And 
7. tho the Earth, with its Axe and Æquator, be 


14 cried about che Sun in the Annual Motion, 

* Wy: the Circle deſcribed by the Earth, is ſo ſmall, 
in regard of the Fixed Stars, that the Axis and 
Equator of the Earth (every where parallel to 
themſelves) being produced, falls upon the ſame 


5 Fixed Stars, as to Senſe, and therefore all the 
| 5 accher Fixed Stars, that retain the ſame ſituation 
in regard of one another, retain alſo the ſame 
ted ation in regard of the Æquator and Poles of 
aid e Heavens, excepting ſo far as the Axis and 
0 Equator on the Earth do not continue parallel 
; o one another; concerning which we ſhall 
7 F peak in the following Propoſition. And be- 
p. cauſe the Earth revolves upon its own Axis, 
the Jin che ſpace of a natural Day, from Weſt to Eaſt, 
ac. D Body ſeparate from the Earth will ſeem to 
les eſcribe a Circle in the Concave Sphere, paral- 
er el to the Celeſtial Aquator in the ſame time 
ing rom Eaſt ro Weſt, the Eye being placed in the 


Earth, and judging its own Habitation to be un- 
moved ; as was explained at large in Prop. 3 2. B. 1. 


lea- But 
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But becauſe the Earth is carried about the 
Sun in its Annual motion, the Earth's: Æquatot 
continuing always parallel to itſelf, applies it. 
ſelf only twice a Year to the Sun, ſo as that 
the Sun may be found in the Plane of it pro. 
duced, and confequently that the light of the 
Sun'may reach to both the Poles of the Earth 
and every point of the Earth turn'd about in 
the Diurnal motion, may be as long in the 
Light as in the Dark, (as was ſhewn in Pry, 
33. B. 1.) that is, the Sun is ſeen only twice 
à Year to deſcribe the Celeſtial Equinodid 
Cirele in its Diurnal motion, in which ck: 
the Days will be equal to the Nights to al 
the Inhabitants of the Earth: For the Eq. 
noctial interſects the Ecliptic in the Point in 
which the Sun appears among the Fae 
Stars, when its Light reaches to both the Pole 
of the Earth, and cauſe the Equinox through 
all the Globe of the Earth. For in every other 
caſe; the Sun, in its Diurnal motion (like the 
other Celeſtial Bodies) ſeems to deſcribe Circle 
parallel to the Equinoctial, among which they 
are the moſt confiderable, that the Sun ſeemsto 
deſcribe in the Heavens, when the Poles of the 
Earth do moſt incline towards the Sun; that, 
when the Sun is ſeen from the Earth in the be- 
ginning of the Signs of Cancer and Capricom 
among the Fixed Stars; which therefore att 
called the Tropics of Cancer and Capricorn, becauls 
the Sun returns immediately from thence to- 
wards the Equator. There are two other Circles 
alſo parallel to the Equinoctial Cirele (namely 
thoſe which thePoles of the Eclipric ſeem to de 
ſeribe in their Diurnal motion; and by con. 
ſequence are as far diſtant from the Poles of th 
Equinoctial as the Tropics are from the Equ# 
noctial,) called the Polar Circles, either _ 
| the 
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they are deſcribed by the Poles of the Ecliptic 
by the firſt or Diurnal motion, or becauſe the 

are near the Poles of the Equinoctial, whic 

are called the Poles of the World; becauſe all the 
World beſides the Earth, ſeems to be moved a- 
bout them in the ſpace of 24 Hours. The Equi- 
noctial Circle, as uſual, is divided into 360 
Degrees, ard theſe Degrees are reckoned towards 


dhe ſame parts with the Degrees of the Ecliptic 
„os Zodiac, namely, from Welt to Eaſt, according 
co che order of the Signs, and from the ſame be- 


ginning; namely, the firſt Point of Aries. As 
each Point in the Heavens is referred to the 
Zodiac by the Secondaries of the Ecliptic, ſo 
A WAL Secondaries of the Equator, it is referred 
i WF to the Equinoctial. And the Arc of the Secon- 
ie dary; comprehended between the Point and the 
1 Equator, is called the Declination of that Point; 
uot North or South, according as it is towards this 
dhe: that Pole. For a Point is ſaid to decline juſt 
tee much as it is diſtant from the Primary Circle, 
cls beng the middle and principal one of the Diur“ 
the nal motion which moſt affects our Sight. This 

Diſtance or Declination, belongs to the Se- 


＋ condaries of the Equator, which are therefore 
at, ed, the Circles of Declination: The chief of 
e be. ich are the two Coluret, one of which paſſing 
com ho the interſections of the Ecliptic and Equa- 
„ ber, or points of the Equinoxes, is called the 
conſe Hoc ia! Colure; and the other at right angles 
« to- Vith the former, is called the Solſtitial Colure, be- 
ircle l ule it meets the Ecliptic in the remoteſt Points 
mel tom the Equator, where the Solſtices are ce- 
to de. lebrated. | 
7 coſt 
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| PROPOSITION III. | 
T O give an account of the nature and uſe; ꝙ 
the Terreſtrial Equator, and its Secontaries an 
Parallels, and explain the Terms uſed in Aſtronomy Nox 
.and Geography depending thereon. aq 
The Equator is properly a Terreſtrial Circle, 
becauſe exiſting originally in the Earth, and 
transferred to the Heavens only upon the acconnt 
of the Firſt Motion, (which is only an appat- 
rent one in the Heavens.) Its four principal Pa 
rallels, the two Tropics, and as many Polar il 
Circles, may be underſtood to be on the Earth, rhe 
either as ſo many Circles lying directly unde Whaki 
the Circles in the Heavens of the fame name, ext 
the generation of which we have ſhewn in 
the preceding Propoſition; or (which is more {Mir 
natural) as originally generated in the Earth it» Wpric 
ſelf. And then the Tropics will be Circles on 
the Earth, lying directly under the apparent en 
Courſe of the Sun, when the Pole of the Earth, 
which is neareſt, inclines moſt to the Sun: But ot 
the Polars, ſuch as bound thoſe tracts of the 
Earth, as have at that time perpetual Day ot 
Night, as was explain'd in Prop. 33. B 1. dent 
Theſe four Circles parallel to the Equator, ene 
divide the Globe of the Earth into five Zone; Nen 
of which, that is the Torrid, which is containel 
between both Tropics, becauſe lying direct parc 
under the courſe of the Sun, and receiving ib out 
directand, by conſequence, moſt powerful Rays. Who 
The Inhabitants of this Zone are called Anmli- 0 
ſcians, becauſe the Shadow of a Perſon ſtand - and 
ing upright, moves as well towards the right % 
the left hand of him that obſerves it, and becauls 
the Noon Shadow at certain different times 0 
the Year, is projected towards both the Poles Wie e 
The tracts of Land included within the ewoFWeure 


Pola! Where 


Wok II. of ASTRONOMY. 209 
polar Circles, fnake two other Zeuner; both of 
hem Frigid, becauſe they receiveonly the oblique 
and conſequently the weakeſt Rays of the 
n, that are not therefore able to thaw or dil- 
ſolve the coheſion of the Ice, that froze during 
e Winter and long Night-time, in the follow- 
Ing Summer, or as long a Day-time. The Inha- 
itants of theſe Zones, in regard of the Shadow, 
re called Periſcians, becauſe the ſhadow (the Sun 
ot ſetting) moves round about them. Between 
the Torrid, which is the middle, and the two 


lar Wrigid, which are the extreme Zones, lie two 
th, {ochers, call'd the Temperate Zones, becauſe par- 
det Waking of the affections of both the adjacent 
ne, Wectremes ; the Northern of which is bounded 


the Tropic of Cancer and the Arctic Polar 
ircle ; and the Southern, by the Tropic of Ca- 
ricorn and the Antarctic Polar Circle. And 
ho' the Ancients faid that theſe only were 


ent {Wl emperate and habitable, yet experience now 
rh, forms us, that both the Frigid and Torrid 
But ones are fit for the nouriſhment of Animals, 
the nd Vegetables; ſeveral other Cauſes, partly 


heal, and partly Aſtronomical, making com- 
denſation for the too direct or oblique inci- 
lence of the Rays. The Inhabitants of the 
Temperate Zones are called Hetereſciaus, be- 
wſe their Noon ſhadow is thrown only to- 
ards one Pole, viz. the neareſt, and carried a- 
out only towards one quarter, as it is with us; 
ho inhabit the Northern Temperate Zone, and 
ee "ny own ſhadow projected towards the right 
and. 
Again, ſuch as live upon the Equator, have 
heir Days and Nights always equal, becauſe as 
ſell the Equator as the Circle diſtinguiſhing 
be enlightened part of the Earth from the ob- 
cure are great Circles of the Sphere; and 
berefore, (by Prop. 11. Book 1. Teodoſ.) 
P they 
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they biſect one another; conſequently, each 
Point in the Equator carried round about cqua, 
bly in its Diurnal motion, is as long in the light 
as in the dark. But to an Inhabitant living 
without the Equator, towards either Pole, the 
Days are longer than the Nights, when the 
Pole of the Earth, that is neareſt inclines to. 
wards the Sun, and are then the longeſt, when 
that Pole inclines moſt towards the Sun: And 
the farther an Inhabitant lives from the Equs 
tor, the longer are the longeſt. Days to him, 
till at laſt at the Polar Circle in Summer, there 
is no Night at all; as has been ſhewn at large 
in Prop. 33. B. 1. This is the reaſon why Prolan 
and other Geographers, divided the Earth by 
Circles Parallel to the Equator, diſtant from 
one another, and their beginning (vix. the . 
quator,) ſo much as that the longeſt Day is 1 
quarter of an Hour longer in one Parallel than 
inthe other next Parallel. They take no noticed 
any diviſion into leſſer parts, becauſe they woull 
be ſcarce ſenſible; and they looked upon thi 
ſpace (tho properly a little Zone) as ind 
ſible in regard of Latitude, and therefore they 
call'd it a Parallel, Circle being underſtood, 
Making the Equator then to be the' firſt Pan 
lel; the ſecond paſſes thorough thoſe parts af 
the Earth, where the longeſt Day is 124 Houn; 
the third throrough them, where the Day 1s 123 
Hours, and fo on; and in the other Hemiſphere 
after the ſame manner. Two ſuch ſpaces mak 
a Climate, which therefore differ from one ano. 
ther the length of half an Hour, Each Climat 
receiv'd a name from ſome ' conſiderable Plact 
ly ing in it near its middle: and therefore ther 
muſt be 24 of them reckon'd from the Equato 
to either Polar Circle, ſince the greateſt 0 
longeſt Day is 12 Hours longer. But the AT 
1 rep 1 91 « Ciel 


Book II. of ASTRONOMY, 211 
cients did not begin this reckoning from the 


eh Eqvator itſelf, but made the firſt Climate to 
— pals thro the Iſland Meroe, where the longeſt 


bay was found to be an whole Hour longer 
de chan 12 Hours, either becauſe they left this Re- 

gion near the Equator for a right Sphere, in 
regard of which, the other Regions on the ſides 
And of it, are called Kaiuale ; or becauſe perhaps they 
udged the interior parts to be uninhabited : 


* "Tho Prolemy ſays, there were ſeveral in his 
>. time, who maintain'd, that there were habita- 
oe nations under the Equinoctial itſelf, juſt as ic 


were in a temperate Region; but the People 
4 Wot his Age, had not to that Day penetrated thi- 
ther, Ptolemy has not given us an exact compu- 
f ation of the Parallels, ſo far as to the Polar 
Cirgle itſelf, they being more numerous there- 
hon bouts, and he not thinking it worth his while 
to be over nice in his enquiries in the more 
Northern Parts. As for the Climates on the o- 
ther fide of the Equator towards the Antarctic 
Pole, he has given each of them fuch a name, 
% llenifies that this unknown Climate is as far 
diſtant from the Equator towards the South, as 
a Certain known one is from the ſame Equa- 
tor towards the North; as the Climate A/ cha- 
Meine, AVie-et Zohyns, Cc. 

As the Places of the Stars, or any Points in 
tie Heavens, are computed as to their Longi- 
tude and Latitude, by the means of the Eclip- 
tie (Which is properly a Celeſtial Circle) and 
Is Secondaries ; ſo the Longitudes and Latitudes 
df Places on Earth, are computed in the Equa- 
er (which is properly a Circle on the Earth,) 
ind its Secondaries paſſing thro the Poles of the 
Earth, Any ſuch Secondaries drawn thro' any 
Place upon the Earth, is called the Meridian of 
cen} Place, becauſe when the Earth has in its 
| P 2 Diur- 
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Diurnal revolution arrived to ſuch a ſituation, 
as that the Sun is in the Plane of that Circ 
produced, it is Noon Day; as ſhall be mor 
largely explain'd hereafter. The Latitude of any 
Place is an Arc of the Secondary of the Equi 
tor, or of a Meridian, intercepted between the 
Equator and the Place: And it is either Nen 
or South, as the Place is diſtant from the Equ. 
tor towards the North or South Pole. But the 
Longitude of a Place is computed from the Weſt 
towards the Eaſt in the Equator itſelf, becauſe 
the boundary of the Land towards the Welt 
better known than that towards the Eaſt. An 
becauſe the Equator has no beginning, nor any 
Cardinal Point, as there is in the Heaven, 
marked out by its interſection with the Ecliptic 
the firſt Meridian, from whoſe interſection with 
the Equator the beginning of the reckoning i 
to be made, was left to the liberty of the Geo 
graphers to be ſettled. Now, they allow of 10 
dry and habitable Land beſides the Contingent 
they themſelves inhabited, together with the ac 
jacent Iſles ; they feigned therefore a firſt Me 
ridian paſſing thro' the moſt Weſtern Place d 
the Earth, that was then known, (as the Au 
or Fortunate Iſlands; and from thence toward 
the Faſt, they diſpoſed of all Places on the 
whole Surface of the Earth, in regard of Lon 
gitude; and called the Longitude of the Place 
that Arc of the Equator which was interceptel 
between the Fir Meridian and the Meridian d 
the Place. But when they found the Globe d 
the Earth was really Inhabited all about, and 
there was no ſuch thing as a moſt Weſtern Place * 
the above- mention d way of reckoning the Lot 
gitude of Places was by degrees neglected, whidl 
would have been of great uſe in underſtanding 


the Monuments of the Ancients ; ( tho' it 1 
ll 


tf 
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fill be made uſe of; ) and every one made the 
Meridian of his own City to be the chief, and 
took notice how the Meridians of other Places 
ſituated towards the Eaſt or Weſt ſtand in regard 
pf this, or how many Hours there are between 
the more Eaſtern Meridians leaving the Sun, 
and the more Weſtern Meridians overtaking of 
or between the Sun's ſeeming to leave the 
ore Eaſtern Meridian, and arrival at the more 
Weſtern.  _ 

Again, the Inhabitants of the Earth being 
compared together in regard of the Meridians 
and Parallels, ſome of them are called by Geo- 
eraphers the Perizci, and they inhabir in the 
lame Parallel of the Earth, but in oppoſite Me- 
ndians, (The oppoſite Meridians are the oppoſite 
halves of the ſame Circle computed from the 
Poles, becauſe ſuch Places as are in ſuch oppo- 
te demicircles are referred to oppoſite points 
of the Equator of the Earth.) On this account 
the Periaci enjoy the ſame Seaſons of the Year 
by teaſon of the inclination towards the Sun of 
that Pole of the Earth which is neareſt to both, 
or its declination from the Sun; or ſpeaking 
according to the apparent reſt, of the Earth, be- 
cauſe the Sun approaches after the ſame man- 
ner towards the Parallel of both Places, (becauſe 
the fame) or recedes from it: But they have 
alternate changes of Noon and Midnight, ac- 
cording as the Meridian of the one or the o- 
her is turned to the Sun by the diurnal revolu- 
tion of the Earth, or (which is all one,) as the 
dun carried about us in its apparent diurnal 
revolution, approaches to the Meridian of the 
one or the other of them ; unleſs they live in a 
Frigid Zone, where they enjoy the Day toge- 
ther, Again, other Inhabitants of the Earth are 
Called ntæci, and they live in the ſame Meri- 

a dian, 
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dian, but in oppoſite Parallels, ſo that they hay 
the ſame Noon and the ſame Midnight; be, 
cauſe they have the ſame Longitude. But thy 
Summer of the one is the other's Winter, ac, 
cording as the Earth in its annual motion turm 
ſometimes its North Pole, and afterwards it 
South Pole, more towards the Sun; or as the 
Sun declines from the Equator to. -this or the 
other Pole, And laſtly, others are call'd 4 
tipodes, becauſe they live in oppoſite Meridiang 
and Parallels, and walk with their Feet diametr. 
cally oppoſite to ours. Theſe have exactly the 
contrary things happening to them; The onehus 
Summer and long Days or no Nights, at. the 
ſame time as the other hasWinter and ſhort Days 
or perpetual Nights; tis Night here when d 
Day there, and Night there when tis Day here 
*Tis evident an Inhabitant of the Equator, is a 
Antcecian to himſelf; and that the ſame Perſon 
is both Pericecian and Antipode to him; but that 
an Inhbitant of both the Poles is a Perœcian to 
himſelf, and that his Antœdcian is the ſame as his 
Antipode. ot | 10 


HRS PorposITION IV. 
T O give an account of the generation and u. 
ture of the Horizon and its Secondaries and 
Parallels, and to explain the Terms in Aſtronomy de 
pending thereon. | 
Beſides the lately mention'd Circles of the 
Equator and Ecliptic, in reſpe& to which, &. 
ſtronomers have determined the Places of the 
Stars viewed from the Earth, there is another 
called the Hwrizom, which is the great Circle, 
that every one ſtanding in an open Plain, de. 
fines by turning of his Sight round about, and 


that divides the viſiþle from the inviſible part of 
the Heavens. This Circle is the moſt conſide- 


rable 
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fable of all iti a Sphere to appearance; becauſe 


immediately taken notice of and determined by 
any Obſerver, tho“ the moſt unskilful. Its ge- 
nefis in the true Syſtem; has been deliver'd a- 
bove in Prop. 32. B. 1. But becauſe the Spheri- 
eil Superficies, to which we referred all Cele- 
ſtial Phænomena, is ſuppofed to be concentric 
with the Earth and not the Eye, a Plane that 
paſſes thro* the Eye and touches the Earth, will 
not divide it into equal Segments; therefore 
the Horizon there deſcribed; generated by the 
Section of the ſaid Plane and Sphere, is proper- 
ly called the Senſible Horizon; becauſe defined 
by Senſe: And the Raricnal Horizon of this Spe- 
ator, is that which is made by the Section of 
the ſaid ſpherical Superficies, by a Plane paral- 
lel to the Senſible Horizon, and paſſing thro' the 
center of the Earth. Theſe two parallel Planes 
produced, will mark out the ſame Circle in the 
Super ficies of that very great Sphere, wherein 
the FHxed Stars are ſeen; becauſe the Earth com- 
pired tothe Sphere of the Fixed Stars, is but 
te a Poi, From whence tis evident, that 
the Horizon conſidered among the Fixed Stars 
is 2 great Circle in a Sphere, every way equi- 
liſtant from the Point, exactly over the Head of 
the Perſon (whoſe Horizon it is,) called the Ze- 
rb, and from the oppoſite to it the Nadir: Which 
Points therefore, namely the Zenith and Nadir 
are the Poles of the Horizon, in which the Secon- 
(aries of the Horizon, drawn thro all the points of 
the Heavens, croſs one another, which are there- 
fore called Yerticals, and ſometimes Azimmuths ; 
but the Parallels of the Horizon, whether ſup- 
poſed to be above or below, towards the Ze- 
mth or Nadir are called Almicanters. There are 
two of theſe Vertical Circles, that are moſt con; 
derable,the one paſting thro'theZenith(the com- 

P 4 mon 
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mon Node of all the Verticals) and the Pole Th 
of the World, call d the Meridian; namely the art 
Celeſtial, becauſe being directly over the Ter. Naber 
reſtrial Meridian: This Circle interſects the Ho. Never 
rizon in the Cardinal Points of South and North 
and marks them out. The other chief Vertical 
is at Right angles to this, and interſects the 
Horizon in the poins of Eaſt and Weſt; and 
becauſe the former, tho a Vertical, is called 
likewiſe by another name, viz. a Meridian, this Mea 
latter has the name of the Primary Vertical let Niers 
intirely to itſelf. By the help of the Horizon 
and its Secondaries, any point of the Heaven 
whatever is diſpoſed of according to its Ali 
tude above or Depreſſion below the Horizon 
and Azimuths. That is, the Altitude or De 
preſſion of any Point is an Arc of a Vertical Cin 
cle intercepted between the ſame Point and th 
Horizon: And the Azimurb is an Arc of the 
Horizon intercepted between the North or 
South Cardinal Point and that Point wherein 
the Vertical drawn thro' the Phænomenon, 
meets the Horizon; which is Eaſter, or Weſtem, 
according as you reckon from the Meridian to- 
wards the Eaſtern or Weſtern part of the Het 
vens. Sometimes the Azimuth is reckoned from 
the Eaſtern or Weſtern Cardinal Point toward 
the North or South. But the Eaſtern or Weſten 
Amplitude is always reckoned from theſe Points 
which is an Arc of the Horizon, reckoned 
from the Eaſt or Weſt to the Riſing or Setting 
point, and therefore both may be Nor: bern vr 
Southern; tho' this way of naming them ſeem 
to have flown firſt from intire Conſtellations; 
and the queſtion was, how large a ſpace of the 
Horizon any Conſtellation took up in Riſing 
Or Setting. 


That 


"ts 
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That portion of the Convex Surface of the 


the Warth, that the Spectator ſtands upon, being 
enen as a Plane parallel ro the Horizon; the 
Jo. Meveral Quarters of the Winds are conſider'd in 
rth, t, and the Cardinal ones are the North, South, 
ical Maſt and Welt ; lying under the Meridian and 
the prime Vertical, deſcribed above, and are the 
and ections of the Horizontal Plane with the 
led planes of the ſaid Circles. The Motion of the 


Heavens will point out to us theſe four Quar- 
ters ; namely the Eaſt, where the Sun riſes in 
the Equinoxes; the Weſt, where the Sun ſets 
that Day : The North, where the Pole of the 
World is ſeen by us the Inhabitants of the Nor- 
tern Hemiſphere of the Earth, and the Stars 
calld the Seprem Triones, always appear: And 
aftly, the South, whence the Sun ſhines upon 
vsat Noon. For the Terms in Aſtronomy are 
accommodated to ſuch tracts of the Earth as 
ae ſituated in the Northern Temperate Zone, 
ein becauſe Aſtronomy was firſt cultivated in thoſe 
00, WJ parts.” There are as many lying exactly betwen 
nn, BY the four Cardinals, that have names (in the Eu- 
to WM e and other Tongues a-kin to it) made up of 
(ea the Cardinals that are on their ſides, ſo as that 
on Wl the name of the chief Cardinal Point is ſet 
h firſt. Betwixt theſe eight are placed eight more, 
en having Names made up of the Names of the 
nts, eight preceding, fo as that each of them is made 
ned up of the two laterals next it, and the princi- 
ing pal Cardinal ſet firſt: Hence it comes to pals, 
or that the name of the chief Cardinals is preſent- 
em doubled, and the names of the other Cardi- 
ns; Pals in the beginning and end of the Word thus 
the compounded. Between the ſixteen Points na- 
ling © med, there are ſixteen others having compound 

Names, each from one of the eight ficſt, to 

Which the name of the Cardinal Point towards 
hat which 


it declines, is connected by a Propoſition; aul 
thus we have two and thirty Wind's Ways, 9 
Points, which are the common interſections q 
as many Verticals with the Plane of the Hof. 
zon, and ſerve to diſtinguifh the Winds accy. 
rately enough. But we uſe the Degrees of the 
Horizon, in reckoning the Azimuths of the & 
leſtial Phænomena, beginning from one of the 
four Cardinal Points, as was ſaid above. Þe. 
ſides theſe Points, (while they are confidere 
in the Plane of the Horizon) are looked upon 
as Right lines; but if the ſurface of the Eanh 
be looked upon as Spherical (as it really ;) 
none of them produced upon the ſurface of the 
Earth are Right lines, and only the Cardinals at 
Circles; namely, one pointing out the North 
and South, being a great Circle, and the fame 
with the Meridian of the Place, from when 
it takes ics beginning; the other ſhewing the 
Eaſt and Weſt, being a leſſer Citcle, paſty 
throè the Place, and parallel to the Equatot; 
excepting when the Place is in the Equator: 
ſelf, in which caſe it is a great Citcle ; becaiſe 
the Equator itſelf. The other Points of the 
Compaſs being produced upon the ſurface of 
the Earth are Spirals ſui generis, cutting all the 
Meridians at given Angles, and are called Rhum 
Lao ene een 
MISSIN os 157 2-7-3 & & {+3 0} 
10' explain the generation and, nature of the Ct 

0 Peftial Meridian and other Hour Circles. 
In Prop. 3, we explain'd what ſort of a Circle 
the Meridian of each Place conſidered upon the 
Earth was; namely, a Circle compaſſing the 
Earth and paſſing thro' the ſaid Place and both 
che Poles; and conſequently à great Circle, 
becauſe paſſing thro' the oppoſite Points. And 


the Celeſtial Meridian of the ſame Place is that 
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in the Heavens, which lies directly over and 
and anſwers it. And becauſe the Obſerver con- 
tinuing in the ſame place, looks upon the 
Farth, and therefore the place where he ſtands, 
and the point over his Head as unmoved, he 
likewiſe conceives of the Celeſtial Meridian 
raſſing through the Poles and the Vertex of 
the Place, which are unmoved, as a Celeſti- 
al Circle uamoved: And ſeeing the Heavens 
and all the Stars ſeem to move round in the Di- 
urnal motion, he conceives of the Meridian of 
the Place where he is, as what has no ſhare of 
that motion, and as it were, wichout the mo- 
able Heavens, and of the Heavens, as if they 
were revolved within it. And it is always 
Noon at that place, when the Sun, by the Di- 
urnal revolution of the Heavens, ſeems to have 
arrived at the above-mentioned immovable Ce- 
leſtial Meridian above the Horizon; and Mid- 
night, when the Sun has reached the other 
part of it below the Horizon. For fince this 
Celeſtial Meridian paſſes thro the Poles of 
the Horizon and Equator, and (by Prop. 15. B. 
I. Spberic. of Theod.) interſects the Horizon and 
the Equator together with its parallels at right 
angles; tis evident that the Meridian divides 
tie Segments of all the Circles parallel to the 
Equator made by the Horizon, into equal parts; 
and there fore ſince the Sun deſcribes in its Di- 
urnal motion, one of theſe Parallels, (the Arc 
above the Horizon in the Day-time, and the 
Arc or Portion of it below the Horizon in the 
Night,) 'tis evident that Mid-day or Noon is 
then made, when the Sun comes to the Meri- 
dian above the Horizon, and Mid- night when 
it arrives at its oppoſite part, lying concealed 
below the Horizon : from whence it has its 
name. And for the ſame reaſons the middle 
point of the continuance of any Star _— or 
clow 
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below the Horizon happens, when that $Sty 
comes to the Meridian: Where, at the ſamy 
time, it has its greateſt elevation, call'd, in 
Meridian Altitude. 2 
Again, ſince the ſpace of time between the 
two neareſt. Noons is ſuppos d to be divide 
into 24 equal parts, (called Howr:,) and by rex, 
ſon of the equable Revolution of the Earth „iet 
bout its own Axis, the Sun ſeems to deſcribe e. ene 
quably the Equator, or ſome parallel to it upon 
the Poles of the Celeſtial Equator; befides the Min: 
Meridian, there are eleven other Hour Cir. ils b. 
cles to be conceived of, paſſing thro the Polg 
of the Equator, and together with the Men. 
dian, dividing the Equator into 24 equal part, 
and theſe are look'd upon (in regard of thy 
ſameplace) as immovable, and like the Meridian; 
placed without the Sphere, the Heavens in thy 
mean while revolving equably under then, 
From whence it is evident, that an Arc of the 
Equator intercepted between any two next of 
theſe Circles is x5 Degrees, that is, 24th par 
of an intire Circle. But when the Terreſtrial 
Meridian is changed, the Obſerver changes al 
his Hour Circles with it. They are called 
| Hour Cireles, becauſe the Sun, ſeen to hare 
arrived at any of them, by its apparent Diurnl 
Motion, cauſes the Hour of the Day to be that 
before or after Noon, which this Circle is in 
order, more Eaſtern, or more Weſtern than the 
Meridian. An infinite number more of theſe 
ſort of Circles may be imagined, according a 
we ſuppoſe the Hour to be divided into 60 Mi- 
nutes, each of which is again divided into 60 
Seconds, and ſo on. Theſe Hour Circles ate Wa j 
the ſame in poſition, with the Circles of De- Wi 
clination; (of which in Prop. 2.) becauſe they S 
are Secondaries to the Equator: But they differ I Ci 
in NM 
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in this, that the Circles of Declinations re- 
volve, together with the Stars and Points of 
the Heavens, whoſe Declination they meaſure ; 
but theſe Hour Circles (as was faid before) 
are look d upon as immovable. Hour Circles allo 
in the Heavens, anſwer to Meridians on the 
Farth; and indeed the Meridians on the Earth, 
are the real Hour Circles, and are only appa- 
e. ent ones in the Heavens. For as tis Noon in 
on s given Place, when the Earth, revolving by its 
the WDiucnal Rotation, arrives at ſuch a ſituation, 
s has the Plane of the Meridian produced fal- 
oles ling upon the Sun: ſo it is ſuch or ſuch an Hour, 

hore or after Noon, as that Terreſtrial Me- 
Indian, in order from the Meridian of the Place, 
the Wis, in whoſe Plane produced the Sun is then 
dn, found, 5 


8 ProPOSITION VI. 

T O explain the various appellations 7 the Sphere 
"of the World, and other Terms uſed in Aſtro- 
un, depending upon the various inclination of the 

Hixon to the Equator. | 
Since according to the diverſity of Places 
vpon the Earth, the Horizon, and conſequent- 
ly the Face of the Heavens, (that is, the Sphere 
of the World,) is different; Aſtronomers make 
this diverſity threefold, according to the three 
lifferent kinds of Poſition of the Horizon to 
the Equaror. For either the Horizon of the 
Place is right to the Equator, cutting it at right 
angles, or it is oblique, or elſe does not cut it 
at all, but coincides with it. Such as have the 
lirſt Poſition of the Sphere, are ſaid to inhabit 
a Right Sphere; ſuch as have the ſecond, an Ob- 
line; and ſuch as have the third, a Parallel 
Here, becauſe each Star ſeems to deſcribe a 


Circle, parallel to the Horizon in its Diurnal 
Motion. In 
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In a right Sphere, (namely, where the Equy her 
tor E A exect or perpendicular to the Horizu © 
HO, as in the rit Figure,) the Equator (by aq 
Prop. 15. B. x. Theodoſins) will paſs thro' the Poly 1 
of the Horizon, the Zenith, and Nadir; th 
Place therefore itſelf, on the Surface of thi 
Earth, will be in che Terreſtrial Equator ; fo 
ſuch only have the Zenith and Nadir, in e 
Celeſtial Equator ; all ſuch therefore, inhabi 
2 Right Sphere, and only ſuch as are ſpread x 
long the length of the Terreſtrial Equator 
Their Horizon paſſes thro' the Poles of the 
World A and B (by the abovecited Propoſitian 
of  Theodoſius } and every Point in the Heaven 
will ſeem to aſcend right or perpendicularly x, 
bove the Horizon; becauſe it deſcribes a Cirek 
parallel to the Equator, (which is right or pet. 
pendicular to the Horizon,) in its apparent Dj 
urnal Motion. And the Points, that riſe toge- 
ther, come to the Meridian alſo together, and 
ſet together; becauſe the Poles, about which 
the Diurnal Motion is made, by which the Stan T1 
ſeem to riſe, come to the Meridian, and fe, 
are as well in the Horizon as in the Meridian dt * 
this Sphere. And from this. ſituation of the 


Sphere, the way of reducing the points of the 5 
Heaven to the Equator, derives its origin fat 
That is, the Right Aſcenſion of any point in ie , 
Heavens is an Arc of the Equator, reckonel 


towards the Eaſt, intercepted between the be- 
ginning of Aries, and the point of the Equatot 
that riſes, together with the ſaid point in the 
Heavens, in a Right Sphere: After the ſams 
manner we are to underſtand what the Rig 
Deſcenfion is: and inſtead of the Horizon of ! 
Right Sphere; the Meridian of any Place ma) 
be aſſumed. Now, becauſe only the Inhabt 
tants of the Terreſtrial Equator have a Right 

Sphere j 
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phere, vrhat the affections of this Sphere are, 
evident: from what has been ſaid above; (e- 
pecially in Prqp. 33. B. x.) namely, that the 
ights are always equal to the Days, and every 
inc of the Heavens is as long above as below 
he Horizon. | | 
In an Oblique Sphere, where the Horizon 
10 (Fig. 2.) cuts the Equator E & ar oblique 


4 uugles; neicher of them paſſes thro the Poles 
0 ; ff the other, and therefore one Pole of the E- 


ator or World is above the Horizon, the 
ther below it; the former therefore is always) 


. ible, but the latter always inviſible: Nor will 
9 £ Equator paſs thro' the Vertex Z, but the 
10 ertex will lie between the Equator and the 


üble Pole. There are two kinds of this 
pphere; for either the North Pole B is elevated 
above the Horizon HQ, and the South lies un- 
leen; or on the contrary, the South Pole is e- 
ented, and the North deprefled. All ſuch have 
Sphere of the former kind, as live between 
he Terreſtrial Equator and the Arctic Pole, and 
ſich as live between the Equator and Antarctic 
have the latter. The chief Phxnomena of both 
A them, as to Summer and Winter, may be 


a leen, already explained, in Prop. 33. B. 1. ac- 
ming to the true Syſtem of the World. And 
e che apparent Syſtem, fince each point in the 


Heavens, by its equable diurnal Motion de- 
cribes either the Equator or a Parallel to it; 
nd only the Equator, but not one of the Pa- 
allels is divided into two equal parts, by an 
Oblique Horizon; the Sun, and all the Stars, 
hat decline towards the viſible Pole, continue 
longer above the Horizon than below; and on 
be contrary, ſuch as decline towards the invi- 
Ible Pole, continue hid longer below che Ho- 
on, than they appear above the „ | l 
n 
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And this holds to a certain limit towards bot 
Poles. For if the declination” be increaſe, 


till the diſtance of the Star from the viſihls 
Pole, is leſs than the elevation of the Pole g 


bove the Horizon, the Star does not ſet at alli 


But if its Diſtance from the inviſible Pole beleſ, 
it will not aſcend above the Horizon; that ig 
it will not riſe at all. And the Parallels 0, 
HI, bounding the always viſible and the ini 
fible Stars ina given Place, and touching the 
Horizon, are called, by ſome of the Ancient, 
(as Euclid in the Phenomena, and Manilius in his 
Aſtronomy) the Polars of that Place, which ar 
therefore greater and more remote from the C 
leſtial Pole, according as the Place, whofe po 
lars they are, is farther off from the Terreſtrial 
Equator; that is, as the Sphere is more oblique, 
All the Stars that lie between theſe - Polar 
have the viciſſitudes of Riſing and Setting, A 
ſeenſion and Deſcenfion. The Oblique 4ſcenfin 
of a Star or any Celeſtial Point; is an Arc d 
the Equator, reckoned towards the Eaſt, inter- 
cepted between the beginning of Aries, and 
that point of the Equator that riſes together 
with the Star, in a given oblique Sphere : and 
this is various according to the variety of obi: 
quity of the Sphere. And the Aſcenſional Dift- 
rence is the difference betwixt the right and ob 
lique Aſcenſion. And the ſame things are to be 
underſtood concerning the Oblique Deſcenſion. 
In a Parallel Sphere, where the Horizon H0, 
[.Fig. 3.] coincides with the Equator E. Q, and 
makes one of the Parallels of the Diurnal mo- 
tion, their Poles alſo (namely, the Zenith and 
Pole of the World) will coincide; and there: 
fore this - poſition of the Sphere agrees on!) 
with the Inhabitants of the two Poles of the 


Earth; and all the Celeſtial Bodies or Points 


that 
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har deſcribe Circles parallel to the Equator by 


ſea be diurnal motion, will likewiſe deſcribe Cir- 
bees parallel ro the Horizon. Upon this ac- 
e «count, there will be no riſing or ſetting at all 
ache diurnal motion, and therefore no Aſcen- 
les Non or Deſcenſion in this Sphere, nor any Me- 
tic aan, ſince ic paſſes thro' the Pole and Vertex 
e Place; and ſince theſe two coincide in 


his Sphere, they can't determine the Circle, 
ch Vertical having an equal right to claim 
hename of a Meridian. The Phznomena of 


\ bis the Sun ariſing from the Annual motion of the 
as WMacth, viſible in a parallel Sphere, are explain- 
Co-ed in Prop. 33 B 1; namely, ſuch as agree to 
Po- e Inhabicants of either Pole. In the apparent 


Syſtem tis evident, that the Sun, during its de- 
lining from the Equator towards that Pole, 
which is in the Zenith, is always ſeen, and 
makes the Day half a Year long ; as on the 
contrary 'tis halt a Year Night, while the Sun 
eclines towards the other part of the Equator, 
and conſequen:ly of the Horizon; and that the 


beginning of the Day and Night falls upon the 
ther uns ingreſs into the Equinoctial Points. ö 
and 
bl PROHPOSHTION VII. 
Fe- H E Latitude of the Place is an Arc ſimilar to 
ob- the Arc of the Elevation of the Pole above the 


M1%0n. | 8 
Let ae hꝗ [| Fig. 4.] be the Earth, its Center 


HO, Poles a and b, Equator e. Let any Place 
and Nen the Surface be taken, as I, whoſe Latitude is 
mo- an Arc of the Meridian intercepted between 
and A and the Equator. Let the Celeſtial Sphere 


de concentric, and its Poles, Equator and M 

nan, B, 4, E Q, and BEAD, anſwer 

the the Poles, Equator and Meridian of the Earth. 

int, Let Z be the Zenith, and. N the Nadir of the 
* 2 


Place 


» 
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Place I; namely in the interſections of the Rigg ing 
line TI produced, with the Superficies of the 
Celeſtial Sphere. Therefore the great Circh 
HO, in the Sphere, deſcribed upon the Pole 
Z and N, is the Horizon of the Place; and the 
Arc of the Meridian O B, is the height of the 
viſible Pole B above the Horizon; and this, 
ſay, is ſimilar to the Arc Je, namely, to the 
Latitude of the Place. For, ſince A and B are 
the Poles of the Circle E , the Angle BTE 
is right; (by Prop. 10. B. 1. of Theod. Spher.) and 
for the ſame reaſon, the Angle Z TO is right 
If therefore from the equal Angles ETB, 270 
vou take the common Angle Z TB, the u. 
maining Angles ETZ, BIO, will be equi 
And therefore (by Prop. 33. Elem. 6.) the Arg 
ix 12 B O, they ſtand upon at the Center, are ſimi 


8 PROPOSITION VIII. 

T O explain the Cauſes of the Crepuſculum or Tux 
1 gbr, and to define its Limits. 

The Twilight is that dubious light, which 

we have before the Sun riſes and after the Sun 

ſets. If there were no Atmoſphere about the 

the Earth, nor any brightneſs from the An. 

Atberea that is near the Sun, ſo ſoon as by the 

diurnal motion of the Earth any place upon its 

ſurface comes within the ſhadow of the Earth, 

by the diurnal motion of the Earth, or ſo ſoon 

as the Sun deſcends below the Horizon of that 

Place, there would be nothing but mere Dar- bei 

neſs; becauſe the Spectator being forſaken H ſhe 

the Rays of the Sun, is left deſtitute of Light: b. 

But not only the Sun, but the Ethereal Au er 

that is ſpread about the Sun very nearly to Ra 

(and its inflamed Atmoſphere as it were) do a wa 

ſo ſhine and give ſome light: Now, this ſpend - ha 
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ing more time than the Sun does in riſing 


or ſetting, before Sun riſe the Aurora ſhines 
out in 2 manifeſtly Circular figure, riſing into 


the brightneſs of the ſame Figure with that of 


the Segment of the Circle, that is already riſen 
of the Atmoſphere of the Sun, and intirely dif- 
ferent from that, which proceeds from the il- 
bmination of the Atmoſphere of the Earth, 
made by the $un : Which is to be underſtood in 
like manner concerning the Twilight after 
dun- ſet. Becauſe the matter that thus ſhines, 
by reaſon of the nearneſs of the Sun, ſhines 
ſometimes more, ſometimes leſs, the bounda- 
nes of the Twilight, which ariſes from thence 
are not ſo certain, eſpecially when it acts in 
conjunction with the other and more powerful 
cuſe of this dubious Light. For after that the 
Inhabitant of the Earth ſtanding upon its ſur- 
face ſomething beyond the bounds of Light, is 
revolved into the ſhadow of the Earth, the At- 
moſphere that ſurrounds the Earth and is ex- 
pnded to a conſiderable diſtance above the 
Erth, is till inlighten'd, and does alſo inligh- 
ten the Place where the Obſerver ſtands with 
is reflected Rays. This cauſe is often upon 
the change, according as more or fewer Par- 
ticles fit for reflecting or other ways con- 
reying the rays of the Sun to us, are found 
ſulpended in the Air; and according as theſe 
Particles get up to a greater or leſs height, 
which depends upon the gravity of the Air (it 
being the Fluid in which they ſwim, ) that 1s 
ſewn by the Barometer. For if they hang 
bw and very near the ſurface of the Earth, 
even theſe alſo ſoon ceaſe to receive any of the 
Rays of light, being revolved preſently after- 
Wards, together with the Place over which 3 f 
hang, into the Earth's ſhadow, If they are ei- 

* 'Q 2 1 
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ther very rare as they float in the expandeq 
ſpace, or unfit to reflect the Light, they wil 
return to us either ſuch a Light from the Sun x 
is nothing to ſpeak of, or at leaſt ſo weak an 
thin as not capable of affecting our Sight, x 
we really experience in all the expanded ſpace, 
that lies without the Earth's ſhadow ; for tho i 
lies perpetually open to the Sun's Rays, yet i 
ſends back to us ſo weak and faint a Light, tha 
it ſcarce deſerves that name. | 
Tho the duration of the Twilight depending 
upon both theſe cauſes is various, yet tis cer 
tain, that the beginning of the Morning Tui. 
light happens generally about the time that 
the Sun is not above 18 Degrees below the 
Horizon; and that the Evening Twilight end 
about the ſame time, or when the Sun is gat 
to the like degree of depreſſion below the Hof. 
20n. Tycho would have this depreſſion of the 
Sun that bounds the Twilight to be 16 Degrees: 
Others extend it to 19; that is, till the leal 
Fix d Stars become viſible. Caſſini from his own 
Obſervation, extends it only to 17 Degree 
Ricciolus finds by his Obſervations, that tis not 
the ſame in the Morning as it is in the Evening 
and that it is different in different Seaſons d 
the Year. hy; 
SCHOLIU M. 


There is a Light that ſeems very near a-kit 
to the Twilight, which was firſt obſerved by 
the Quick-ſighted Mr. Caſſini, in the Year 1683 
a little before the Vernal Equinox in the Even. 
ing, and extended along the Ecliptic from tis 
Sun towards the Eaſt. The Obſervations mal 
afterwards by Mr. Caſſini and Fatio, evinG, 
that this Light is diffuſed from both ſides of ths 


Sun almoſt along the Ecliptic, but ordinarily WW me 


deflects a little from it towards the North ny the 
| X ) ; 
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than the South. Its form is pointed on both 
ſides ; its two points being ſometimes more, 
ſometimes leſs diſtant from the Sun, at firſt a- 
bout two Signs or a little more; but three 
Years after, its diſtance from the Sun encreaſed 
to three Signs or 100 Degrees : Its breadth is 
above 3o Deg. near the Horizon, But it can't 
be ſeen where it is broadeſt ; namely, juſt at 
the Sun it itſelf along the Circle of its breadth. 
Its ſides are ſtreight, bating its being gibbous 
a little ſometimes about the middle, between 
the Sun and either Point, and they are inclin'd 
to one another, ſometimes at a greater and 
ſometimes a leſs Angle. This Angle in its 
mean bigneſs is about 2r Degrees, From the 
whole, it is evident, that this Luminous Phæ- 
nomenon moves together with the Sun, juſt as 
that does, thro”. the Ecliptic ; which is Aſo true 
of both the Points, allowing for their greater 
or leſs diſtance from the Sun during the inoreaſe 
or decreaſe of the whole. The brightneſs of it 
z much like that of the Milky Way, or the Tail 
of 2 Comet, and is pellucid like the latter; tis 
greater in the middle, leſs towards the extremes, 
and ſenſibly decreaſing, till it vaniſhes in the 
ſurrounding Blue of the Heavens: From 
hence it appears to different Obſervers, accord- 
ng to the ſharpneſs of their Sight, at the ſame 
Time and Place, of a different magnitude, and 
cording as the Heavens are clear or cloudy, 
and the trueTwilight and brighterStars are pre- 
ent or abſent, it is more or leſs extended and 
riouſly terminated, and appears fainter always 
in the Morning than in the Evening. This 
light, by reaſon of the Twilight laſting all 
Night long, can't be ſeen in the midſt of Sum- 
mer in the Regions about either Pole; but in 
te Morning and Evening of the the ſame Day 

Q 3 it 
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it may be ſeen about the middle of Winter (i » 
the Moon be away.) In places near the Equz- MWthe 
tor it may be ſeen at any time of the Year, proc 
And in any place it is brighter, the more e. had 
rect it is, in regard of the Horizon; becauſe it No 
is then more out of the Twilight and Vapour ¶ met 
that hang about the Horizon: And therefore it N pac 
is beſt ſeen in theſe Northern Regions in the MTh: 
Morning after the Vernal Equinox, in the be. ]Wiifa 
ginning of O#ober ; and in the Evening, at the Wfom 
end of February; the Ecliptic along which it is Wſcri 

ſpread; being then more ere in regard of the 
Horizony(in the beginning and end of the Twi: 
light, which is then ſhorteſt) the Equinodial 
Points being at that time in the Horizon. 

The Body (or rather collection of Corpuſcles) 
whoſe appearances theſe are, ſeems to ſurround 
the Body of the Sun in the form of a Lens; a 
Mr. Fatio conjectures. The Plane thro the 
edge of the Lens is in the Plane of the Ecliptic, 
or at leaſt not far from it: The Edge itſelf i 
between the Orbits of Venus and the Earth, but 
nearer to the latter. The Particles which fill 
up this lentiform ſpace (like the particles of the 
Sun's Atmoſphere, of which we ſpoke but juſt 
now) ſeem to produce the abovemention d ap 
pearance, by reflecting the light of the Sun. 

For a Ring whoſe oppoſite Faces are plane 
and parallel, would appear in the form of a 
Elllipſe, more obtuſe towards the Points than 
this Phznomenons Mr. Caſſini takes theſe pu- 
ticles reflecting the Sun's light, contained in th 
ſpace, for an infinite number of Planets, fince 
being ſeparated, they would, like the Planets, 
exert their motions about the Sun; by which 
method, this morning and evening light owes 
its original to innumerable Planets, juſt as the 
Milky Way does to innumerable Fix'd Stars. 
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(u Mr.Fatio ſuſpects that this light is coeval with 
ua- che World: Caſſini on the contrary, that it was 
ear, ¶ produced a little before the firſt Obſervation he 
ee. bad made of it, and that it was not in being 
e it No Vears before, ſince he had often viewed a Co- 
urs met very intenſely with his Eyes, in the ſame 
eit place as this Phænomenon ought to poſſeſs. 
the W That it has appear'd formerly, and afterwards 
be. diſappeared, he thinks is very probable from 
the Wome ancient Hiſtories that ſeem to give a de- 
it's Wſcription of it; but eſpecially from the Obſer- 
the ration of Mr. J. Childrey, who no doubt ſaw 
wi i, as is evident from his deſcription, pag. 183, 
tial Wi 184. in the Advertiſement at the end of a Book, 
publiſhed Anno 1661. intitled Britannia Baconica ; 
les) Wi becauſe it appears even now in the ſame place, 
ind and near the ſame Conſtellations, as it did at 
; 3 i that time of the Year. His Words are theſe : 
ths There is ſomething more, that be would recommend to 
tC, be Obſervation of the Mathematicians ; namely, that 
fs WW i the Month of February, and a little before and 
but er it (as I have obſerved for ſeveral Years) about 
"ll BY fir « Clock in the Evening, when the Twilight has 
the WW entirely left the Horixon, a Path of Light tending from 
jolt Bi the Twilight rowards the Pleiades, and touching them 
a were, preſented itſelf very plainly to my Sight. 

. Path is to be ſeen whenever the weather is clear; 
ane Wh but beſt of all in a Night when the Moon does not 
n ſhine. And a little after: I am apt to believe that 
han Wil this Phænomenon has been formerly, and will hereaf- 
par- ter appear always at that above-mentioned time of 
cs Wi the Year. But the Cauſe and Nature of it, I can't fo 
nce Bl much as gueſs at; and therefore leave it to the enquiry 
ets, WH Poſterity. 
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compared with the morion of the Sun along the 


Poetic riſing and ſetting of a Star, The Ci/mi- 


Sun riſes ; fo that the Coſmical riſing and ſe- 


* 
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i 'ProrosrITION IX. 

FJ 0. explain what is meant by the Poetic Riſay 
od and Setting of the Stars, and the kinds of it 
namely, the Coſmical, Achronical and Heliacal 

In the foregoing Propoſitions, we have treated 
of the true Riſing and Setting of the Stars; name, 
ly of their aſcent above the Horizon of a cer. 
tain Place, and deſcent below it, or rather of 
a depreſſion of a given Horizon below a Stat 
and elevation of the ſame above it ; and that 
without any. conſideration of the Sun. But noy: 
the Riſing and Setting of the Stars are to be 


Ecliptic, and conſequently with the Daylight 
and Seaſons of the Year. For the ancient Hul 
bandmen, and from their traditions the Wi. 
ters of Husbandry, as alſo Phyſicians, Poet 
and Hiſtorians, have made uſe of theſe mark 
to expreſs the Seaſons of the Year by, and con- 
ſequently none of them can be underſtood yith- 
out an explication of theſe Terms. | 
There are uſually reckoned three kinds of the 


cal, Achronical and Heliacal. A Star is ſaid to nie 
Coſmically, when it riſes together with the Sun, 
but to ſet Coſmically, when it ſets when the 


ting is all one with the Morning riſing or ſet 
ting, as if the beginning of the Artificial Day, 
or the Riſing of the Sun, were the ſame with 
that of the World. A Star is ſaid to riſe or let 
Achronically, that riſes or ſets when the Sun ſets 
and conſequently the Achronical riſing or ſet- 
ting is all one with with the Evening ones. 
Kepler maintains that theſe words are to be ta- 
ken in another ſenſe ; namely, ſo as that to riſe 


and ſet Ceſinically, ſignifies the ſame as to aſcend 


above 


* * — ” 
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above or deſcend below the Horizon ; but that 
to riſe or ſet Achronically, is the ſame as to. riſe 

iſp or ſer in the Sun's oppoſite, or in the other A- 

chron or extreme of the Night: In which ſenſe 

Prolemy, and to this day moſt Aſtronomers ſay, 

ated Wl a Planet is Achronical, when it is oppoſite to the 

me. un and bright ail the Night: So that to riſe 
cer WM Achronically is, as uſual, the ſame as to riſe 

r of Wwhen the tun is ſetting ; but to ſet Achroni- 

cally, is to fer when the Sun is riſing; which is 

that commonly called the Coſmical ſerring. 

0% A Star riſes Helize.!ly, when it before lay hid 

) be under the Rays of theSun, ſo as that it did riſe and 

the N ſet coge ther with the Sun, but now gets ſo much 

ien out of the Rays of the Sun, as when the Sun is 
dub below the Horizon the Star becomes viſible, 

Nr BY being to ſet ſoon after under the Horizon, or to 

gilappear by the ſupervencion of the Daylight. 

That Star is ſaid to ſet Hcliacally, which was 

ately ſeen above the Horizon when the Sun 

was not much below the Horizon, but now has 

lid itſelf ſo much among the Rays of the Sun, 

that the next Day being riſen above the Hori- 

20n, or juſt ſetting below it, it can no more be 

Teen. If there were no Twilight, this Helia- 

calriſing and ſetting of the ſame Star (or rather 

Apparition and Occultation,) would not be a- 

bore one Day diſtant from one another ac moſt. 

for in that caſe a Star would be ſeen either before 
dun- riſe, if its Oblique Aſcenſion in a give 

Horizon were never ſo little leſs than that of 

the Sun, or it would be viſible after Sun-ſet, if 

ſers; WM fur never ſo little greater. Nay, if there 
ſer- ¶ were no Atmoſphere at all, the ſmalleſt Stars 
nes. Would be viſible even in the Daytime when the 
ta: un ſhines. For the reaſon why they don't ap- 
riſe WW pear is this: The particles of the Atmoſphere 
end ¶ enlightened ſtrongly by the Sun, affect the Eye 


0e of 


_— n Fs - = — — r 2 — 
3 * 


of the Spectator with ſo vivid a light, that the 
Retina (or whatever it be that is the Senſor g 
Sight) is ſcarce moved by the very weak image 
of the Star, and conſequently can't take notiq 
of it or ſee. But if there were no Atmoſphan 
ſpread about the Earth, nor any ſurroundi 
Terreſtrial Bodies that reflect Light; if the d 
rect Rays of the Sun were turn'd off from the 
Eye, the Eye thus free from the Rays of a Budy 
either very bright in itſelf, or ſtrongly enligh 
tened, would fee clearly (as it does now inthe 
Night) even the ſmalleſt Stars, unleſs they at 
hid under the Atmoſphere of the Sun: For thi 
together with the Body of the Sun, make yg 
one lucid Body. Since proportionable to the 
leſſer brightneſs of a Star, there is need of 1 
greater depreſſion of the Sun below the Hori 
2on, to make it viſible; tis evident that the 
Heliacal ſetting of the Sun is ſooner, and the 
riſing later. That the leaſt Stars may be ſen, 
the 'Twi-light muſt be quite over, or the Sun 
muſt be full 18 Deg. below the Horizon: Fer 
the ſeeing of a Star of the ſixth Magnicude, the 
Sun muſt be 17 and ſoon, till you come tot 
Stars of the firſt Magnitude, which are to be 
ſeen in that part of the Horizon which is w. 
wards the Sun, when the Sun is 120. The 
Planets ſhine with a brighter and fuller light, 
and therefore have no need of ſo great a deprih 
fion of the Sun below the Horizon, ſo that 11 
Degrees are enough for the ſeeing of Mars and 
Saturn; about 10 for Jupiter and Mercury; | 
and 5 deg. are commonly look'd upon as necel-Wlili 
ſary for Venus, tho it has been frequently ſeen 
while the Sun ſhone, and not at an Heliacl 
Riſing or Setting. But theſe things in the Pl: 
nets depend upon their various diſtance from 
the Earth, and the more or leſs fullneſs of the 
Orb of the Inferior, All 
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the All the Fix d Stars under the Zodiac, and 
gde ſuperior Planets, Saturn, Jupiter and 
lars, the Sun in its Annual Motion towards 
ice he Eaſt getting before them, riſe Heliacal- 
or Wy in the morning, a little before Sun-rile ; 
ing bat is, 2 few days after their Coſmical ri- 
«Wing: They ſet Heliacally in the evening; 
the Wramely, a little before their Achronical ſetting. 
oly ut the Moon, which always gets before the 
oh. Mun, riſes Heliacally in the Evening; when 


very old and haſtens to a Conjunction with 
he Sun. The inferior Planets Venus and Mars, 
ſometimes getting before the Sun, and at other 
imes being left behind by him, (as has been 


the hewn at large in B. 1.) ſometimes riſe Helia- 
of zſcally in the morning, namely, when they are 
for etrograde ; ſometimes in the evening, when 
the they are Direct; which is to be underſtood in 
the e manner of the Heliacal ſetting of them. 
een, at the Fix d Stars, plac'd a great way from the 
Sun Zodiac towards the elevated Pole, may in the 
For Wane Day both riſe and ſer Heliacally together, 
„the od undergo other changes in regard of this 
o thy kind of Riſing or Setting; as will appear to any 
to be ern that ſhall conſider it. 

is w. The Grecians and Romans anciently uſed a 
The rear not exactly fitted to the motion of the 
light, den; and by that means ſometimes they were 
pre-Wttore the Sun, and ſometimes behind him. But 
at ue Seaſons of the Year not returning with their 


moneous Calendar, but with the Sun and the 
eitices; that their Country, Domeſtic, or 
Military Affairs might be diſpatched in their 
oper Seaſons, the Ancients propoſed the ri- 
ig and ſetting of the Stars inſtead of a Calen- 
ar, For the Fix d Stars moving from the E- 
 fromyunodtial Points but very ſlowly, and by a 
of * notion not then taken notice of, they made 

| no 
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no queſtion, but that the Sun returning to the 
fame place in reſpect of the ſame Fix d Star 
did alike come again to the ſame Station in re. 
ſpe& of the Equinoxes or Solſtices; that i; 
when the ſame Star riſes or ſets Coſmically, 
Achronically, or Heliacally, (which they chief 
ly regarded,) that the ſame ſeaſon of the Vet 
was reſtored to the Globe, and conſequently 
that the ſame labours or affairs were to be re 
turned to; fram hence they called the ſtated 
Seaſons of the Year Sydera, or the Stars. Bu 
it is found that the Fixed Stars, after a long ſe. 
ries of Years, remove out of their places ; and 
therefore, if the Day of the Riſing or Set. 
ting of the Fix'd Star given among the An. 
cients is to be reduced to our Calendar, an ac 
count is to be taken of the motion of the Fix 
Stars in the intermediate time. And now-4-day 
Calendars may eaſily be had, and the Rona 
Calendar (which we uſe,) comes nearer to the 
Motion of the Sun, upon which the Seaſons df 
the Years depend and are ordered, than the Rk 
ſing and Setting of the Fix'd Stars; the obſer- 
ving their Riſing and Setting came to be neg. 
lected by degrees, and is not uſed by any 
but the Poets, who are wont to deſcribe and 
paint out as it were the ſeveral Seaſons by the 
circumſtances of the various Riſing and Setting 
of ſo many Stars, than which nothing is more 
beautiful and affecting; tho it be generally done 
by them very erroneouſly, becauſe they de- 
ſcribe at this time the Day of our Calendar by 
that Riſing of the ſame Star by which it would 


have been juftly deſcribed in the time of Czſar; 
whereas the difference between theſe two time 


is nearly 14 Days. 
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Ie. SECTION II. 


15 | IT : 

Wok the Diviſion of Time, and ſeveral other 
8 things depending thereon. 

a 1 

1 PRO POSITION X. 


ted O explain the Diviſion of Time into Hours, 
T Days and Weeks, and the Terms uſed in Aſtro- 
(>. WW my depending thereon. 
ind We have thus far been explaining the gene- 
Set. WY ration of the Circles of the Sphere in the appa- 
An. WY rent Syſtem of the World, and the more hal 
2 Terms in Aſtronomy depending thereon : But 
being there are no terms in Aſtronomy that 
an occur oftener than thoſe, whereby Time or any 
ma WY {pace of it is expreiled ; tis neceſſary to treat a 
the lite concerning them, and to ſhew, by the way, 
sabe Civil diſpoſition of Time, ſo far as it is 
Ri. A uſed in an Aſtronomical Calculation. 
ſer- The moſt conſiderable parts of Time are, a 
eg: D, an Hour, Month and Year. The firſt of them 
any s a Dey, (becauſe a ſpace of Time moſt obvi- 
and Nous and known by us;) and it is either Natural 
the or Artificial. A Natural Day the duration of an 
ing intire apparent revolution of the Sun about the 
ore WY Earth. The Artificial is that part of the Natural, 
lone WW during which the Sun is above the Horizon; 
de- and it is oppoſed to the Night, which is taken 
- by Wor the Sun's continuance below the ſame : But 
ould A e Natural Day takes in both. The Natural 
ſar; Pay is either the Aſtronomical or Civil; and 
mes ley differ from one another only as to their be- 
pinning, according to the cuſtom of the People, 
and ſettle ment of the Aſtronomers. The Aſtro- 
nomical Day is the ſpace of time which flows 
err between 
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between the Sun's leaving a given Celeſtiy 

. Meridian, and next return to the ſame ; thy 
is, the ſpace wherein a revolution of the whojp 
Celeſtial Equator is performed, and of that pan 
of it beſides which anſwers to a portion of the 
Ecliptic, which che Sun deſcribes in the mei 
while by its Annual motion towards the Eat 
Becauſe this portion of the Equator to be adde{ 
to the intire Equator is not every where equi 
(tho' its mean Quantity is nearly that of ons 
Degree,) as well on the account of the Ohjj. 
= gauity of the Ecliptic, as that the apparent fn. 
= naual motion of the Sun about the Earth is ng 
| equable, the Natural or Aſtronomical Days an 
ng preciſely equal: But of this inequality d 
= the Natural Days, I ſhall treat in its proper 
| place afterwards ; taking no notice at preſent 
this nicety. Moſt Aſtronomers begin the Day 

at noon : But Copernicus following Hipparchy 

begins it at Night, and this beginning is retait 

ed in the Prutenic Tables. Differing Nation 

make different beginnings of the Day. IR 

Babylonians begin their Day with the Riſing d 

the Sun; The Fews and Athenians with the Sth 

ting of the Sun, as the Tralians do till. The 

Egyptians at Midnight; which is the cuſtom d 

the Britains, French, Germans, and ſeveral other 

European nations. And anciently the ſame ws 

done by the Jews. For we naturally reſe 

the Night, which we ſpend in ſleep and filenct, 
partly to the preceding, and partly to the follow 
lowing Day; that is, we begin the Nux if 
at Midnight. The Umbri anciently made ti 
Noon to be the beginning of their Day, au 
this the Arabians obſerve at this time. 4 
Tho' the Artificial Day was hardly dit 
ded anciently any other way than into i 
Morning and the Evening, and the 7 10 
| e 3 Fatches 


/ 
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Watches ; yet afterwards the Natural Day was 
divided more accurately into 24. parts, called 
ours. Hours are either equal or unequal. An 
val Hour is the four and twentieth part of a 
Natural Day. This ſort of Hour was always 
uſed by Aſtronomers, and is now in uſe among 
almoſt all Nations. The Talians reckon the 
Hours from One to 24, from the begin- 
ning of the Night ; (that being the beginning 
of the Natural Day,) and their Clocks are made 


1: Water that manner. But We, the French, &c. 
An {reckon not 24, but twice 12 Hours; perhaps 
naar the number of the Strokes ſtruck by the 


Glock might not be tedious. So that we divide 
the Day into the Hours before Noon and the 
Hours after Noon. An Hour is commonly di- 


) 

D ; ded only into four Quarters (which are called 
Deines by ſome,) a more minute diviſion being 
io moſt buſineſſes unneceſſary: But the Aſtro- 


nomers (and now all the Politer ſort of Peo- 
ple) ſubdivide it into 60 Minutes, and each 
Minute into 60 Seconds. An unequal Hour is the 
velfch part of an Artificial Day, as alſo the 
elfth part of the Night. Tis call'd Tempo» 


I, becauſe of a various length in different 
moe lines or Seaſons of the Year : Thus the Sum- 
other ner Diurnal hour is longer than the Winter, 
wie the Nocturnal ſhorter ; and the Diurnal 


our in Summer is longer than the Nocturnal, 
ud in Winter ſhorter: At the time of either 


on- aainox, the Diurnal hours are equal to the 
e ecturnal, and then theſe unequal hours be- 
e ne the ſame with the equal ones deſcribed a- 


we; upon which account theſe equal hours are 
led by Authors Equinoctial Hours. The Fews, 
recians, and Romans made uſe of theſe Tem 
hours. Such as begin che Civil Day, at 
Morning or Evening, do it becauſe the Sun 
| is 
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is then in the Horizon, the moſt ſenſible of al 
the Circles of the Sphere. They have this ad. 
vantage, that by the number of their equal 
Hours they know how much of the natural 
Day, that is, how much time is gone ſince Sun 
riſe; but they have this diſadvantage, that the 
times of the Sun- ſet, Noon and Midnight, in 
different Seaſons of the Year, are marked wich 
different numbers of the Hours, and they cant 
be known but by Calculation: They likewiſe 
have this advantage, they immediately know 
how much time remains till Sun-ſct, and ſo | 


know how to accommodate theirLabours or Ta. 
vail to it; and this diſadvantage again, that lj, 
they can't reckon the Hour of Sun riſe, Noon, Ml: 
or Midnight, without computing. Such as be- ily 
gin the Civil Day from Noon or Midnight, do n 
it, becauſe the Sun is then at his greateſt Ele. 
vation or Depreſſion ; but the name of the Hour Wh; 
of Sun riſe or Sun ſet, they get only by Com-Wih; 
prting. Laſtly, ſuch as ſhou'd uſe the unequal Mz 

ours, juſt now deſcribed, could always tel M1, 
Sun rife or Sun ſet by the twelfth hour; Noon Wk 
and Midnight always by their ſixth ; but coul 2 
know the . of the Hour only by Cafe 
culation. | | 

A Week is the ancienteſt collection of Days» Wu 
ever was; as is evident from the Sacred Writ- Went 
ings. The Fews uſed this collection of old, aui Th 
ſince the reception of Chriſtianity, other NW Mc 
tions too: Every Day of it has a name given to 
it from ſome of the Planets, after the following ii 
manner: The Hours of the natural Day ate do. 
four and twenty, the Planets but ſeven, and MW hr 
this order in the common Syſtem, Saturn, Ju of 
piter, Mars, Sol, Venus, Mercury, the Moon;Wenc 
they began at the firſt Day of the Feiſh Week, Da 


aſcribing to the Sun (the Author of the on tha 
- wal the 
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the firſt Hour of it, to Venus the ſecond, to 
Mercury the third, to the Moon the fourth; 
then deginning from Saturn, they aſſign'd the 
th Hour to him, and fo on; by this means the 
firſt Hour of che following Day happens to the 
Moon, and ſhe therefore beſtows a name upon 
©, in tat Day of the Week from her own; which 
wich nethod is continued in the following Days to 


} : 


ant Ide end of the Week. . 


wiſe OMG i ad 

now TY -P6$OSITION XIp , x 

0 ſo 0 explain the diviſion of Time into Mom bu, 

0 fa T Years, and the various ſorts and collections of 
at Bi them. 1446s 3 


Tho a Month be properly that ſpace of time 
whereiti the Moon goes thro' the Zodiac; yet 
fnce there are about twelve Months that pafs 
While the Sun runs once thro" the Ecliptic, 
ut pace of time alſo wherein the Sun runs 
ho one Sign of the Zodiac, is call'd a Solar 
Math ; which is about 304 Days. Again, the 
nr Month is either Periodic, in which the 
Moon having deparred from any Point of the 
Zodiac terurns to it again, and is fumething 
th than 27 Days; or Synodic, which is ſome- 
thing more than 29 7 Days, wherein the Moon 
funs thro! all its ſeveral Phaſes, and on that ac- 
count is of principal uſe in the marking of 
Time. Both the Solar and Synodic Lunar 
Month, is either Aſtronomical (of which we 
tog ure ſpoken already) or Civil, according to the 
winzig nerent cuſtom and inſticution of each Na- 
ale non. For ſome, as the Egyptians, liked the do- 
nd ing ur Months, and made each of thetii to conſiſt 
„Jeg of zo Days; and to compleat the Year, at the 
000; end of twelve ſuch Months they annexed five 
Days, made up of thoſe twelve times ten Hours, 
tat each Solar Month mo 30 Days by. 

ut 
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Tuben pt. of che i nts fancied, che Sy nag 4 
U 


unar Month, 18 ch as the 7 Fewa.Ancienty Was 
the Greczans an. d. Roma to, wie Ceſar's t nt ea 


296,68 a RL 1280 0 But ae a hear 
art ot. L. C that 0 not CON dere 
wee 5 fic d ro:Ciyil uſe uber 5 

eges o 9755 notice of, and con got 

dered,) th Yo 7 4 Sol, nths alter . 
nately of 30 and 29 days, 0 lng che formen eon 
Full, and this Cave Month; ) ſo that two ſich born 
Months are equi to two Lagar Months of 25% ln. 
days'a piece apd the. Yo Maon would noni 


ſenſibly remoye. from the firſt day of ech 


Month in 9. courſe of — ears. 
A Year is ſometimes, taken for the time of the 
zeyaluti an of 3 0 Plane "oo 1 
which 18. 
Na — . far t ige ,of. an intig 
Tode revolution of rs tho f 
diac, which they c + — —_— Magic, 
Great. Year. But a Year is properly | that time 
which the Sun takes to run thro the Zodizci 
And it is of two ſorts, the Aſtronomic and the 
ivil: The Aſtranomic is alſo two fold, 30 
cording to the two different. bounds of the Sun 
fen namely, the Sydereal and * 
The Sy derial Lear 18 — ſpace of tim 
55 the Sun — departed. from a a d 
returns to che ſame in; and it is 365 Days; 
Hours; and 10 Minutes nearly. or D Tropigh 
Year is, chat wherein the Sun e on 
of the Cardinal. Points, .the Equinoctial or 05 
Rticial, returns to it again; and is ſomething le 
than the Sydereal, becauſe. the Cardinal — 
of the Ecliptic themſelves go backwards, and 
as it were meeting the Sun, make the Sun to fe- 
turn to che ſame point of the Ecliptic ſome 


thing ſooner than to the ſame Fix d Var, in the 
chat 


204 


Kock II. of. ASTRONOMY: 243 
nadiqh gat point of the Ecliptic was, when the Sun 
ntly des before in the ſaid Point. This Tropical 
time fear is 365 Days, 5 Hours, 49.4 Minutes very 
55 eat; and wants about 21 Minutes of the Sy- 
lt 0 fereal. AE | 2 46% 8 \ 
„ben The Civil Year is the ſpace of time, that the 
Con notion of the Sun or Moon, or both, points 
ate received by the ſettled Cuſtom of any Na- 
Ame don. Hence tis evident, that there are three 
ucnWforms of the Civil Year ; namely, either purely 
2 ler, or purely Sclar, of Luni-Solar, which is 
nofnade up of both. The, Lunar Year conſiſts of 
welye Lunations or Synodic Months that are 
lnſhed in 354 Days, at the end of which the 
Year begins again. And ſince this Year wants 
nar 11 Days of the Tropical Year, that brings 
the Seaſons. over again; it comes to paſs, that 
the beginning. of this Year ing upon the 
ring now, in 8 Years time would fall upon 
ter, and after as many more upon Autunin; 
en upon Summer, and laſtly, at the end of 33 
Jears return to the Spring again. And this is 
ed the Wandring Lunar Tear; becauſe its be- 
i fang wanders thro all the Seaſons of the 
ar, and that in the memory of one Man; 
Tis called alſo Annus Solutus; becauſe free and 
engaged from the motion of the Sun, Which 
not at all confidered in the ordering of it. That 
bt of Year is in uſe among the Turks; an- 
kems to be found out at firſt in thoſe Countries, 
where the differences of Summer and Winter 
ie not very evident and fenſible ; and where, 
bor want of Aſtronomy, the return of the Sun 
the Cardinal points of the Zodiae, that de- 
ines the Solar Year, is not eaſily known: On 
"Which account taking the Signs of the Seafons 
om the Moon, they took the beginnings of 
their Years from the beginnings of her Phaſes 
R 2 dt 
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or Appearatices: now, there is no number off 
Lunations, that comes ſo near to the Solar Vea 
(which they had ſome ſmall knowledge of) x 
the Twelve. Tam apr alſo to think, the reaſog 
of the beginning the Civil Day from the Suns 
fer is to be taken from the Moon: Becauſe in 
ſeems neceffary for them to begin the Civil Day 
With their Year and Month, that is, with the 
New Moon, which at firſt they knew no other: 
wiſe than by the help of their Eyes; which wa 
when they ſaſt the New Moon in the Evening 
immediately after Sun ſet. And upon this as 
count, the firſt, ſecond, third, &'c. Day of the 
Month, was called the firſt, ſecond, third Moos 
and the day of the Full Moon was called cop 
ſequently, the fourteenth Moon. 

Such of the Ancients as were willing to u 
tain the Lunar Year, thought it notwithſtank 
ing proper to adapt it ſo to the Sun, thatit 
beginning might be in a manner fix d, and that 
it might keep the Cardinal points of the Yet 
ſhewn by the Seaſons, from receding mud 
from their Months; and to this purpoſe they u 
Intercalary or Embolimean Months. And fir 
in the ſpace of three Years, they made up # 
intire Month to be intercalated every th 
Year, out of the eleven odd Days in every & 
lar Year. But becauſe” this artifice was 1 
exact enough, in every eight Years they inte- 
calaced three Months, every one of which col 
ſiſted of zo days, (namely at the end of tis 
third, fifth and eighth Year, tho' ſome otheli 
otherwiſe,) and at laſt eight Months in 19 
Years, Hence tis evident that fome of hel 
Years are ſimple, namely of 354, or 355 days 
the num ber that there is in the Wandring Lund 
Year ; ſome embolimen or intercalary, of; 
or 384 days, when there are thirteen Lond 
8 "SOR tion 
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If 
r of ions in the Year. Theſe Luni-ſolar or fix d Lu- 
Vea har Years, are uſed by the eus and the Clergy 


f the Roman Communion. + 

fool There are thre ſorts of Solar Years, or ſuch 
arg fitted to the motion of the Sun alone 
nd the viciſſitudes of the Seaſons depending 
hereon ; the Egyptian, Fulian, and Gregorian. 
The Egyptian Tear conſiſts of 365 Days, which 
hey divided into twelve Months of 30 days a- 
iece, and five other days (called ineyuna) ad- 
led at the end of them, as was ſaid above. In 
is e conſtitution of this Year there is no regard 
ud to the motion of the Moon: But becauſe 
b Year wants 5 Hours 49 Minutes, or almoſt 
con: Hours of the Solar Tropical Lear; in four 
ears time it gets near a whole day before the 
o ar Tropical one, and in 1460 Years its be- 
inning wanders thro' all the Seaſons of the 
ar; on Which account it may in a manner 
be called a Wandring Year, altho in the Age of 
ne Man, or 60 Years, it does not anticipate 
mud dove 15 Days. 7 
Julius Ceſar finding the Egyptian Year to get 
ore the Tropical, becauſe the ſix Hours, 
hereby it wants of the Tropical, are intirely 
tu elected in its conſtitution ; did therefore add 
ee 6 Hours to each Julian Lear; fo that a 
s l Year conſiſts of 365 Days, ſix Hours. 
inter Aud becauſe this piece or quarter of a Day, 
1 conſcan't be conſidered or taken notice of in Civil 
e, he added the Day made out of them in 
dur Years to every fourch Year, between the 
in 193d and 24th of February, (becauſe the Romans 
hel nile they uſed the Lunar Year before Cz/ar's 
day me, intercalated the Embolimean month; ) 
LunaWerefore from that time they writ bis ſexto Ka- 
of z Nada, Martii, or the ſixth of the Kalends of March 
Lon R 3 es; 


. _ 4 i y '4 4 en 
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twice; from which cuſtom the Vear had the 
name of the Biſſeatillemee. 
And this Fulian Near conſiſting of 365 Day, 
and adding in four Years one Day, ſo that al. 
ter three ſimple Years there may follow a fourth 
of 366 Days, is the beſt fitted for Aſtronomica 
Computations; becauſe it is a mean between 
the Natural or Tropical Year of 365 Days, 
Hours and 49 Minutes, and the Sydereal Neat 
of 365 Days, 6 Hours and ro Minutes, and 
does, as it were, give an ocular Demonſtration 
of the natural regreſs of the Equinoxes. This 
form of the Vear held common among all Po- 
Hte Nations from Auguſtus (Who reſtor dit when 
it was almoſt loſt) unto the Year 1582, when 
the Fulian Calendar was reformed by Gregory the 
XITI*Þ, But it is ftill in uſe among the Britains 
Triſh, and others. Yet it muſt be confefſs d, that 
the quantity of the Julian Year is too big, on 
which account the beginning of this Year alſo 
by little and little creeps forwards in regard of 
the Seaſons, or (which is all one) the Times of 
the Equinoxes and Solſtices creep backwards in 
regard of the Days of this Year. And fince 
this regreſs is about 104 Minutes every Year, in 
about 133 Years it will be a matter of a Day, 
and conſequently from the Year-of Chriſt 325, 
wherein the Council of Nice was held, to the Yea 
1582, wherein the Pope reform'd the Calen- 
dar, namely 1260 Years, this regreſs was a mit- 
ter of 10 Days. Hence it came to paſs, that 
whereas in the time of the Nicene Council the 
Vernal Equinox happened near about the 21 
day of March, in the Year 1582 it was found 
to have crept up to the 11th of March. That 
he might therefore bring the Equinox to itt 
former place, ten days were ſuppreſſed in the 
Month of October, in the Year 1582, and ay 
: ay 
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d wean was call the fffteenth ; by this means what 


Warch following, and the time of the Equinox, 
comes the 21ſt of March; that is, the Equi- 
er happens the fame tay viz. 21ft of March, 
mica x did in the time of the Council of Nice, which 
ſrled the'time of epi Fae Still if no 


VS, 5 Mather reformation fhould be made, but the ta- 
Year ing away This ten days, the Catdinal Points 
and eld again remove after the former manner, 
ation Win ſome "Yeats. time. The Pope — 
This WM did this, order'd that once in 133 Years in 
Po- WM which tirtte the exceſs of a 2 5 Year above 
yhen A de Tropical riſes to a whole Day.) one day 
hen Bi would be taken away from the Calendar; that 
tte E that three days ſfiould be taken out of four 
n lindred Vears; and this he appointed to be 
chat BN Ene, by making every hundredth Vear of the 
o Chiiſtian Fra common, which according to 
allo d Jahian Account is always Biſſectile; but e- 
do er four hundredth, which was to continue 
s Of e, as in the Julian. The New form of the 
bein Year ſettled by the Authority of Pope Gregory 
nee kn, whs calpd from him the Gregorian, and is 
n obſetved in Italy, France, Spain; Germany, whereſo- 
% deer the authority of the Pope reaches; and 
ie cloſe of the laſt Age, was admitted, as to 
(ear BY the Civil Months, by feveral of the Reformed 
— It oermany: As for the finding the Paſchal 
nate 


Moon, they kept themſelves ſtill to Kepler's Rudol- 
Whe Tables, till ſomething more certain could 
che e fix'd upon and ſettlet. 1 
i As che form of the Year among different 
und Nations is various, ſo likewiſe is its beginning. 
nat i The Tes begin their Eccleſiaſtical Year with 
15 I the New Moon of that Month, whoſe Full 


che I Moon happens next after the Vernal Equinox: 


Fel The Church of Rome begin their Year with 


day R 4 the s 


Mould ocherwiſe have Been che 1 th day of the 


wry 2 * - 
— * ad = 
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the Sunday that falls ugon the ſaid Full. Moon, 
or that happens next after it; or With the Fe, 
f the Reſurrection of our Lord, which was the 
cuſtom in France before the Lear 1564. The 
Feu begin their Civil Year with.. the New 
Moon, that has its Full. Moon happening next 
after the Autumnal Equinox. / The Grecian bes 
gan their Year with the New Moon that hap. 
pens next after the Summer Solſtice ; And the 
Romans anciently began, theirs with the New 
Moon next after the Winter Solſtice. And 
this ſeems to be the reaſon why Fulius Cæſar did 
not fix the beginning of his Year (tho a Solar) 
in the Winter Solſtice it ſelf, but tarried for the 
Fllowiog New Moon, where he might place 
the beginning of his Year or the Calends of 
22 according to the cuſtom. then receirv'd, 
ho perhaps the ancient opinion was not yet in- 
tirely loſt, that the Solſtices were celebrated in 
the eighth parts of the Signs of Cancer and Ca- 
ricorn, and not in the very beginning of the 

| ou by which no more was meant among the 


Learned, than that the Sun was really in the! 


ighth parts of the Signs, when he was common- 
ly thought to be in the beginning; which is all 
one as to ſay that the Equinoxes and. Solſtices 
were anticipated for 6 or 7 Days. And if the 
Sun had been in the firſt point of Capricorn 
on the 24th of December, he would be exact) 
enough in the eighth Degree of it on the uf of 
January. By this Method he brought it about 
that the Celebration of the Olympic Gamez 
ſhould fall vpon the firſt Day of the Month 
Quintillis, which he call'd by his on Name, 
July: And perhaps theie Games themſelves 
were by ancient Rite inſtituted on the account 
of the Summer Solſtice, 5 80 


a 15 


c 
| 
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Tho the firſt of January is now look d upon 
NR the beginning both of the Julian and Grego- 
the nan Year almoſt thro all Europe; yet others as- 
The fign other beginnings to it both formerly and 
New now-a-days. We have ſpoken of the moveable 
ext Feaſt of Eaſter already. The Venetian, Florentines, 
be. the Inhabitants of Piſa in Italy, and of Treves 
ap- in Germany, make the Vernal Equinox to be the 
the beginning of their Year. The ancient Clergy 
Je made the 25th of March, or the Feaſt of the 
ud Annunciation of the Bleſſed Virgin, that is, 
did of the Incarnation of Chriſt, to be the begin- 
lar) WY ning of the Year : Which the Church of Englund 
the WY Kill retains as the beginning of the Year. And 
ace Wl the Civil Year begins here alſo, tho' the Vul- 
of WI gar begin it at the firſt of January, with the 
Vd. neighbouring Nations. | 
in- The more celebrated collections of Years or 
in Limes, meaſured by a repetition of Years, are 
-. a0 Olympiad, of 4 Years ; a Laſtrum, of ſometimes 
the BW '4; ſometimes. 5 Years; a Fubilee, of 49 or 50 
the Years ; a Seculum, or an Age, of 100 Years; an 
the WW Anu Magnus, or Great Year, ſtanding for an 
on- intire apparent Revolution of the fix d Stars, till 
all WY ater having departed from a fix d Point, they 
ces WJ return to the ſame again, which is 25000 or 
the 26000 Years, or thereabouts. 


tly Wl © PROPOSITION XII. 
of T O enumerate the chief aud moſt noted Epochas, 


and to explain their relation to each other. 

nes As the Aſtronomer in computing the motion 

nth WW of the Celeſtial Bodies, aſſume certain fix'd 

ne, WW Points to begin at; ſo they do certain moments 

ves WI of Time, from which as Roots, their Compu- 

unt WF tations may begin and proceed. Theſe Roots, 
which they alſo call Epochas and Aras, com- 


10 monly have a name from ſome famous Action 
" | or 


23e he EUENEN IS Pod H. 
or Event, that Happen d near che beginning of 
each. The moft confiderable; amd Which we are 
| beſt! acquainted withal,” is the "Ppveha f brit 
Nativity, or the firſt day of the Fauuary that We 
| fools to follow next to the Nativity of bur 
3 Lord: And 45 years before is the Eporhs'ef Py. 
lian Ceſar, or the beginning of the Fuſtian Nan; 
at which time Ceſar rejecting the old Romy 
Year, that had been uſed from Numa, as the 
believed, ordered the yn 'Year to pe obſer. 
ved thro* the Roman Empire. Tis true, t 
ear was not obſerved always from the begin: 
ning, but after various and confuſéd interca. 
lations extraordinarily; in about the Toth Year 
after its beginning, chat is, che Fi of the Vil: 
gar Fra, or Birth of our Saviour; it was refts 
red by Auguſtus in the fame order as if it had 
been continued without any interruption from 
the beginning. Ts [97-3 VG Wt BoA n 
Tho the Epocha of the Nativity of Chriſt 
above deſcribed be eſtabliſned by common uſe, 
and now almoſt univerſally received, yet England 
and Ireland, in affairs both of Church and State, 
uſe an Epocha a full year after it; and ſup- 
poſe Chriſt to be born, not bn the "25th of 
' Match, near the ending of the forty fifth Juin 
* Year, but of the following Fear; namely the 
f orty fixth Julian Year ; and they ſuppoſe Chriſt 
to be conceived on the 25th of March of the 
forty fixth Julian Year ; and number the Year 
not named from the Nativity, but from the hy- 
carnation of Chrift, that is, the Conception; 
and by conſequence che ſame in number, for 
the greateſt part of the Year, with the remain- 
= ing round Number, that ſhews the Year from 
g the Nativity. But in the Months almoſt be- 
eween the firſt of Tanuary and the 25th of March, 
they reckon a different year from the * 5 
"a the 


* o ""X * * * | "x 
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> I difference between the Aras that take their 


„e WY are co take notice, that Dionyſius called Exiguut, 
+ Wl was the Author of this Era above five hundred 
„ Wl Years after Chrift, from which time they be- 
gun to reckon from the Nativity or Incarnation 

„e Chriſt, whereas before they uſed to number 
7 their years by the Conſuls, and from the Build- 
2 ing of Rome, in the Roman Empire; and out of 
4 by the Years of each King's Reign, This 
i La, ſometimes call'd from its Author, the Dis- 
4. yum, is by no means to be looked upon as ex- 
ar end agreeable ro Hiſtory, For tis not yet 
| Wl ſtled, whether it was the firſt, ſecond, third, 
bah, or fifth Year, before the Vulgar Ara 
ad dn Chriſt was born, as may be ſeen in Repler's 
Book of the Near wherein Chriſt was born. But 
tis ſuppoſed Era is not too far diſtant from 
the time, which is ſufficient for an Fra. And 


Urift was conceived the 25th of March of the 
ſt Vear current of this Era, and born the fol- 
bring Winter, at the end of the 46th Year of 
Tins "Ceſar. This computation of rhe Year 
war firſt univerſally received, but is now left 
ad retain'd only in England, together with the 
beginning of the Eccleſiaſtical and Civil Year, 
(the Feaſt of the Annunciation,) which obtain- 
«in thoſe days: For in the Chriſtian World 
delide this Epocha was tacitly departed-from ; 
bor-now the common opinion is, that Chriſt 
was born the Winter before the Dio-y/ian An- 
tnciation, namely at the end of the" 45th of 
Julius. Caſar, and therefore they reckon the 
Years'from' the Nativity; and ſo make Chriſt 


fra did, and the Engliſh with him. 
| | SINCE 


they” ought according to their Fra. That this 


u, name from Chriſt, may be better anderftood; we | 


wording to Dionyſus, the Author of this Fra, 
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one Year older than Dionpfius the Author of the 
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and theſe ſays Gaſſendus come neareſt the truch; 
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Tears before Chriſt. 
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: e Years conſiſting of 365 Days, tho 
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Since moſt Aſtronomical Tables are now * bet 


ted to the more common Chriſtian ra, the IB d 
other more celebrated ones are to be compared 


and reduced to it. And the firſt of them is the Moll 
Epocha of the Creation, about which there are ſe. II, 
veral controverſies. Some ſay the World was crea- MWhe 
ted 3950 Yearsbefore the common ra ofChriſt, for 


which is likewiſe approved of by the French Aſtro- 
nomers. Others 3983years; and with theſe pu- 
vius agrees. Kepler 3993 years, in the middle of 
Summer, from Aſtrelogy. Hewelius in the 49630 
Year currrent before Chriſt, the 24th of Odo 
of the Julian Near continued backwards, at 62 
Clock in the Evening, in the Meridian of Edu; 
becauſe he found in his Tables of the Sun, that 
at that time the Sun was in the beginning of a, 
and its Apogzum in the beginning of V. Other 
make it much more ancient, and place it 5199 


The Epocha of the Olympiads, of all Profane 
ones, is the moſt Ancient and Celebrated: It 
is placed in the Summer of 977-years before 
{Chrift, the firſt of Fuly, the Julian Year being 
continued backwards. Not much after is the 
Epocha of the Building of Rome, which is general- 
ly fixd in 752 years before Chriſt. Fo 

The Ara of Nabonaſſar, always famous 2. 
mong the Aſtronomers, began at the 26th day 
of February of a Fulian Year produced back- 
ward, and in the Year 747 before Chriſt. And 
becauſe this was the firſt of the egyptian Years, i \ 
Ptolemy, and after him the other Aſtronomers, WW 
and Copernicus himſelf, compute from thence the 
motion of the Stars by A gyptian Years. For 


unfit for common Uſe, becauſe its Cardinal dw, 
Points wander thro' all the Seaſons, yet is wy and 
| ww 1 


* * LAI 
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r for Aſtronomical Computations, becauſe it . 
he z diſturbed with no intercalation. 

ed ll The Epocha of the Death of Alexander the Great 
he follows next in order, on the 12th day of Novem- 
ſe. Io in the year 324 before Chriſt. And this alſo 
2- being the firſt of the . wore Wandering Years 
it, dor fo the Founders of Aras will have it, tho 
h; Ide Event happen'd before or after the begin- 
to- ung of the Year) Theo, Albategnius, and others 
14. lat uſed this Epocha, computed the AÆAgyptian 
of lears from hence. Between the Aras of Na- 
$10 her and tbe Death of Alexander the Great, 
ober Where are 424 years peciſely. | 
62 {paſs over the Ara of the Abyſſinians, calld 
len; Milo the Fra of Dicclefian and the Martyrs : As 
that lo the ra of the Arabians, that is, the Hegira, 
ir Flight of Mahomet : And the Epocha of the 
hers ans, or as it is call'd Feſdegird ; and others, 
being ſuch as are of ſmall uſe to us) which 
my be ſeen at large in Writers upon that ſub- 


fane Mt; and in fine, the Epocha of the Julian Pe- 
: Ri of 7980 years, invented by Scaliger, begin- 
fore We 4714 years before the Chriſtian Ara, and 
eing equently before the World was created. * 
)_ «racy ; 3 
rr 
** SECTION III. 
h — 0f Spheres and other Inſtruments invented 
nd to repreſent the firſt Motion of the Hea- 
rears, VEns, and of their Uſe. We 
mers, * enn. 1 . 
e che Poros TITIOR XIII. | 
For O deſcribe the common Inſtruments, by which 
„ tho the Firſt or Diurnal motion is imitated, and 
-dinal Nd enſtrated to the Sight, namely the Celeſtial Globe 
very nd Sphere, | 


fit For 
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For the better conception of the afareſaid 
Circles in the Heavens, Artiſts preſent us with ' 
the Image of the Starry Heaven upon the Ce. th 
leſtial Globe, Which is a Sphere made of Me. I its 
tal, Paper, or any other like ſubſtance, eaſy to i 


be moved upon two Poles.. Upon the Convex 
futface.you have marked the, Places of the chief M it 
Fix d Stars, ſo diſpoſed in regard of one ano, Mn, 
ther and . Poles of the Sphere, as the Fixed Mc 
Stars themſelves, which they repreſent, are dif. MW 
poſed in reſpect to one another and to the Poles, iſ be 
about which the Heavens ſeem to revolve in be 
the diurnal motion. The Images alſo of the {We 
ſtecifms are drawn upon it, chat theſe Ss 
Tſegtn'd to repreſent to the Ancients, drawn to it Me 
either. by, the forge of Fancy or Religion. con 
There are drawn alſo upon this Globe, che h 
Equinoctial Circle exactly between the Poles; 
and the two Tropics parallel to it, on ed 
ſide, of it at 235 Degrees diſtance, and as man * 
Polar Circles at, as great a diſtance from both 
Poles.. The Ecliptic alſo is drawn reaching wolf 
both the. Tropics, and interſe&ing the au 
noctial upon the Surface of. che Globe, in chili 
points ſo related to the Places of the Stars, ai: 
the. points. of the Celeſtial .EquinoRial (where 
the Sun appears in the time of the Equinoxes 
are related to the Stars: themſelves, in the Aga": 
wherein the Globes are made: As well che Wt 


quinoctial as the Ecliptic is divided into D« 
grees, beginning at the point that repreſent: 
the Vernal Equinox; the Equinodtial into 360 
without any break, but the Ecliptic into 12 Signs 
diſtinguiſhed by their. propes Marks, every ons 
of which is ſubdivided into 30 Degrees: Anger 
the Secondaries of the Ecliptic drawn thro tn 
beginning of each Sign, and meeting in thF 
Poles, divide the whole Globe it felt into FF 

many 


235 
igns. Guy two * of the 
ben „the Colur FR are e upon 
which, namely 

£ bare, 1 is. che S 73 alſo.of 
55 uch a Globe as t Roe en 
nament, is made movable 
gles, ſo 9 0 El 20 Meridi 
0, e e ircle:placed without 

ry 9 5p. es ſide. WT this Meridian, 
Which is. 19 ided into Degrees; which ſide 
herefore.zs to be taken for the trus Meridian, 
the F of the Circle only. ering for 
Mgt; ; ; ol 

HE the, Globe, incompaſſed any, che 
ſeridian, as was ſaidd) is let into a Wooden 
Ohtriyance repreſenting the Horizon, ſo as 
tat half of it is above the upper. Surface of 
Wooden: contrivance, Which is therefore 
de logled upon as the Horizon. And chat 
Globe may NEG near. enough in every 22 
bihe Horizon, there are notches in the 
for the inſertion of the e that 4 
Joninene,., Wichout the Globe. Upon the 
Nach 0 this arti Horizon, which ;4 
he, enough, beſides the iamoſt Circle divided 
u its proper Degrees, reckon d from conveni- 
a beginnings, there are the Julian and Grego- 
ws Calendars, with the Degrees of the Signs 
if the Ecliptic, that the Sun is in nearly upon 
45 Days in that Age: There is alſo a Circle 

the WI — Points of the Compaſs. 5 
The Horizon is ſupported by four or more 
e Pillars faſten d to a. Foot or Baſe, upon 
fich there is placed a Mariner's Compaſs and 
leedle, to ſet the Globe pretty nearly agrees- 
fe to the Quarters of the World. You have 
lo a Quardant of Altitude that may be faſten d 
"us vertical Point of a Meridian by the __ 
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of à Screw, its Limb divided into Degrees, is to 
beraken for a true Quadrant: and 90 Degree 
are reckon d from its extremity that tobches Ml i 
the Horizon upwards towards the Zenith. In Wl : 
the Globes made now-a-days, there is alſo » Mt: 
Circle called the Hour Circle, faſten d to the Mt 
Meridian, having the Pole for its Center. This Ml $ 
little Circle is divided into twice twelve Hours, Wl 
that it might be fitted to our way of reckonine Ml 
the hours, beginning at the Meridian. And WM 
ſince the Pole carries the Index along wich it, Wil 
the Index will point out the hours according Wl 
to the revolution of the Globe; if it be a: Wh 
twelve a Clock of the day, at the ſame time Wn 
as the place where the Sun is at that time is 
under the Meridian. rann 

What is commonly call'd a Sphere differs from 
a Globe in this, that its ſurface is not united 
and perfect, as tis in a Globe, but the more 
principal Circles made of Armillæ or Hoops (from 
whence it has the name of an Armillary Spbere) 
Madow out a Spherical ſurface. In ſuch a 
Sphere, beſides the Horizon and Meridian, (be- 
tween. which being immovable; it is revolved 
Uke a Globe,) there are four great Circles 
namely the Equator and Ecliptic, or tarher Zo 
diac, (for like a Belt or Swath, it is 20 deg 
"broad ;) and the two Colures and four leſſet 
Circles, viz. the two Tropics, and as many Pc 
far Circles: And thus the number of the Circle 
of a Sphere came to be reckoned Ten. Th 
Sphere is ſo excavated, that by its tranſparence 
as it were, it is a repreſentation of the World 
and preſents us with the little Globe of ral 
Earth in its Center at reſt, and ſuſpended b 
the Axe, which could not be done ſo well in 
Globe, whoſe Superfices is intire and unite 
From what has been ſaid, tis evident, that 1 
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o an Armillary Sphere, the above deſcribed pla- 
en ces of the Fixed Stars can't be marked at all, 
en Wl excepting _ few, that appear in the Zodiac, 
in o they likewiſe are commonly taken no no- 
1 ice of; and therefore the Problems relatin 

he e the Fix'd Stars can't be ſolv'd by ſuch 4 
vis here. Tho ſince the faid Circles of the 
rs, Wl here are delineated upon the ſurface of the 
1 Wl Globe; all the Problems that are done by the 
nd millary Sphere, may be performed very ea- 
it, i by che Globe: And therefore Spheres, tho! 
no great name formerly, when the ſtudy of A- 
at Wi lronomy began to revive, are very ſeldom uſed 
me Www; but to help the imagination of the young. 

- 5 WI To: theſe Armillary Spheres there are fome- 
mes annex'd the Planets made to be immova- 
kin different Circles, in the order as they are 
kekoned by the Aſtronomers of the Prolemaic, 
ſhbovic, or Copernican Sect. And theretorMin the 
Memaic and Tychbonic Sphere, the Planets are 
aned in different Circles about the Earth at 
h in the Plane of the Zodiac, within the 
hops that repreſent the Starry Heaven: But 
wee. there is required a Spherical furface (ſha- 
ed out by the hoops) concentric with the 
lum, to repreſent the Firſt or Diurnal motion, 
this is movable in the Copernican Sphere j _ 
Wefore tlie Makers do place in ir the Platiets 
pont the hoops compaſſing the Earth, which 
woyable about the imaginary Sun Sometimes 
eres of this kind and Globes are made to go 


rene weight or Spring, ſo as to imitate the ring, 
Vora ang, and all the Diurnal motion of the Fix d 
of then Sometimes alſo the Planets perform their 
ied VifPolutions in their proper time: But things of 


W nature dot t belong to this place. 
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PROPOSHTION XIV. 
Mo dieſcribe the Terreſtrial Globe, as it is com- 
monly made. 2 

The Terreſtrial Globe does not differ from the 
above deſcribed Celeſtial Globe but in this, that 
inſtead of the Stars and Conſtellations compo- 
ſed of them, Lands and Seas are delineated up. 
on it. And the Tracts, Bays, Promontories, and 
other things belonging to the Earth, are painted 
upon the convex ſpherical Surface, in regard of 

one another and the Poles upon which the 
Globe is turned in the Meridian, juſt as the j 
Places themſelves are upon the Earth, which WW; 
they repreſent, in regard of one another and the 
Poles upon which the Earth really revolves by 
the diurnal motion. Theſe. places of the Earth 
thus-imitated will really have that ſituation, if 
each of them be transferr'd upon this little Earth 
agreeable to their Longitude and Latitude by 
Obſervation. The Equator,and its Secondaries 
or Meridians paſſing thro' every ten Degrees, 
are alſo painted upon the Terreſtrial Globe; one 
of which, namely that which paſſes thro' the 
Azores, or Fortunate Iſlands, is the moſt conſide- 
rable, and called the firſt Meridian; it being 
that Meridian from which the Longitude of 
place is reckoned, as was faid above; and b 
conſequence from whence the numbering ot 
the degrees gf the Equator towards the Eaſt i 
continued. The Parallels alſo to the Equator 
namely the Polar Circles and Tropics, and ſeve 
ral others at ten deg. diſtance from one another 
together with the Rhumbs (in the ſpaces repre 
ſenting the large and vaſt Seas) ſhewing the 
Courſes of Ships guided by the Mariner's Con 
paſs and Needle, are all drawn upon it. Ant 
that the Terreftrial/Globe, beſides its own uſe 
| 43 mig, 
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might ſupply the place of a Celeſtial Sphere 
(when ſuch one is wanting, ) the Makers have 
ited an Ecliptic to it. But becauſe this Circle 
s purely a goal one, and has no proper 
place upon the Earth, therefore they have pla- 


gd its interſection with the Terreſtrial Equa- 
wr, (which interſection they might have placed 


p. Wh where) at the point where the firſt Meridian 
q lcerſets the Equator, * 

of PrRoPosITton XV. 

ne No reſolve ſeveral Problems relating to the Situ- 
be ation of places of the Earth to one another, and 
ch ehe Diurnal motion of the Stars, by the Globes; 
be i i, to ſhew the chief Uſe of both Globes. 


Tho the ſolution of the following Problems 
r the: Globes is not accurate and exact, yet it 
„iss very much to form and inſtruct the minds 
un Juniors; and we ſhall diſpateh them in one 
Mopolition. * | g 

And here the Celeſtial Globe is to be looked 
en as the great Machine of the World itſelf; 
dun and all the Stars, and whatever we ſee 
the concave Firmament, are to be concei- 
Nes upon the convex ſurface, view'd by an 
He plac'd without that ſurface : But there is 
V peed of ſuch a fiction in the Terreſtrial . 
obe. And becauſe the Globes are the In- 
ments we make uſe of in this Propoſition, 
Wy are to be look d upon as perfect; as for 


uat0r de manner of making them fo, we are not now 
| ſeve Fenquire, but to apply them as they are al- 
other made to the ſolution of the following 
repi-WWioblems and others like them. * 

8 „ 1. To find the Longitude and Latitude of any gi- 
Co 


ven Place upon the Terreſtrial Globe. 
Bring the given Place to the Meridian, (al- 
underſtand that ſide of it as is divided into 
=_ S 2 De- 


given Longitude; tis evident that the Plac 


+ .. hs 
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Degrees, which, as we ſaid before, is the true 
Meridian) and the ws: 2h; of the Equator, then 
found under the Meridian, ſhews the Longitude 
of the Place. For the beginning of reckoning 
thoſe degrees is taken from the firſt Meridian; 
as was ſaid before. Beſides, reckon from the 
Equator in the Meridian to the given Place, the 
degrees of Latitude: For the Meridian is divi- 
ded into four times 90 degrees, two of which 
. 90 begin to be numbered from the Equator to- 
wards both Poles; the reckoning of the two o- 
ther 90 degrees begins from both Poles, and 
ends in the Equinoctial under the Horizon. 
The Latitude is North or South, according as 
the Place given is to the North or South of the 
Equator. a A $2) 3 
2. The Longitude and Latitude being given, . 
find the Place itſelf upon the Terreſtri.l Globe, 
Look in the Equator for the degree of che 


4 of Ve 


= . nns. en MH» 


ſought is in the Meridian drawn thro' this point 
taken in the Equator. Apply this point there 


fore to the divided Meridian, and reckon than" 

degrees of the Latitude given toward thai 

North Pole, if it be northern, or towargiln"6l 

the South Pole, if it be ſouthern, and the point 

at che end of the reckoning will be the Pac N 

. K NEG Cd * 

3. To reltify both the Globes to'a given Latiuuii 

together with the Quadrant of Altitude; Gl, 

to diſpeſe tbe Globes agreeable tothe four u ®a 

ters of the World A | den 

If the Latitude of the Place given be Nori ar 

let the North Pole be raifed above the Homo Git 

if South, the South Pole, till the Arc of Wot 
Meridian intercepted between the Pole andt 


Horizon, be of as many degrees as the La 
tude of the place given is, For by Prop. Fl . 
Ws N 0 


= 


— 


A 
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Elevation of the Pole is an Arc ſimilar to the 

en latitude of the place; that is, containing as 

de many degrees. From whence tis evident to 

ing he fight what Stars always appear; namely, 

n; W fuck as upon the turning of the Globe quite 
the wand, don't deſcend below the Horizon : As 

the WT alſo what on the contrary; never appear. Then 

vi- compute from the Equator in the Meridian up- 

ich yards, the degrees of the Latitude given, and 

to- MF point where the reckoning ends, ſhall be 

 o- WM tie Vertex of the given Place: (For the height 

ind el the Pole is equal to the diſtance of the Equa- 

on. tor from the Vertex; fince the ſame Arc, name- 

dhe diſtance of the Pole from the Vertex is 

the the complement of both to 90 deg.: ) Fix the 

Quadrantof Altitude by means of the Screw, to 

the Vertex thus found, fo as that its divided 

edge, (which ferves inſtead of a Quadrant, ) 

proceed as it were from thence. Laſtly, 

W thehelp of the Mariners Compaſs fix'd to 
de foot of the Globe, let the Right line that 
the common Section of the planes of the 
Horizon and Meridian be placed in the Meri- 
lan line, ſo as that the elevated Pole of the 
Globe may look towards the elevated Pole of 
We World. For we ſuppoſe the Magnetic 
Needle to be directed along the Meridian line; 
@ leaſt, that its declination (that hinders it) is 
own. By this means, the Meridian of the 
[Globe will coincide with the Meridian of the 
Pace; and its other points with the correſpon- 
lent points of the Place. Burt ſuch an Hori- 
Zantal plane muſt be pitched upon for the 
Globe to ſtand upon, as will make the Horizon 
ofthe Globe to be parallel to- the Horizon of 
tte Place, as ir ought to be. 


W > 8 3 * = To 
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4. To find the Degree in the Ecliptic that the Sun 
Is in at any given time, by the help of the Ca. 
lendar and Circle of Signs drawn upon the (ur 
Jace of the Horizon, and by that to aſſign in 
Place in the Ecliptic «4g INTE 1 
Look into the Calendar for the Month and 
Day propoſed, and oppoſite to it you will find 
the Sign and degree thereof, that the Sun is then 
in. Then in the Ecliptic drawn upon the Globe, 
look for that Sign of the degree of it, and that 
will be the Place of the Sun ſought. If you 
would be more exact, you muſt get the Place 
of the Sun, the help of an Ephemerides, and find 
that out, in the Ecliptic drawn upon the Globe. 
After the ſame manner may the Places of the 
Planets found by ſuch Ephemerides, be marked 
upon the ſurface of the Globe; by ſeeking firl 
the Longitude of the Planet in the Ecliptic, and 
by. protraction its Latitude from the Ecliptic 
either way, by the help of a pair of Compalles. 
To, find the degree in the Ecliptic the Sun i; 
in pretty nearly at a given time, you need on- 
99 9 — what Day of each Month the Sun 
enters a Sign of the Ecliptic, and compute one 
degree for every Day from thence. For this Wi & 
purpoſe there are ſome memorial Verſes com-Wi b. 
poſed, which may be ſeen in the Writers of the 
Doarine of the Sphere. 
5. To ind the right \ Aſcenſion and Dyclination « 
tte Sun, or Star, or any given Point; and 
coonſequentiy ta fend the Time of the Culminatia Wl n 


p a given Star or Point. le "Pp 
Ihe right Aſcenſion of the Sun or any point BY c 
upon the Celeſtial Globe, is found after the ac 
ſame manner as the Longitude and Latitude of 

a place on the Terreſtrial Globe; (by Probl. I.) 

For the right Aſcenſion and Declination in the 
Celeſtial, is all one with the 11. 
— 1-4 MT 


F 
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Latitude in the Terreſtrial Globe. Beſides, ha- 
ung brought the Place of the Sun to the Meri- 
ſ tian, bring the Index to twelve à Clock, (we 
L its Wl reckon it twelve a Clock when the Sun is in 

the Meridian, ) and turn the Globe round till 
and che Star or given Point comes to culminate, 
ind BY then the Index ſnews the hour, when that will 
den happen. But becauſe the Hour Circle is too 
be, ſmall, the part of an hour can't be eaſily diſtin- 
bat WJ guiſh d in it: To be more exact, you muſt do 
0 thus. Becauſe the intire Equator (together with 
ace Wl certain portion of it, correſponding to the 
ind WY proper motion of the Sun during that time)paſ- 
be. {ts the Meridian in the ſpace of a natural day; 
the Wl "tis evident that a 24th part of the Equator, or 
ved 15 deg. paſs the Meridian in one hour, and one 
deg. in four Seconds of time, and ſo on. If there- 
fore from the right Aſcenſion of a Star, you take 
amy the right Aſcenſion of the Sun, you will 
ure that portion of the Equator which paſſes the 
Meridian, in the time between one culminati- 
on of the Sun and the next following culmina- 
don of the Star: If inſtead of that, you take the 
tine neceſſary for the paſſage of the ſaid Arc of 
the Equator by the Meridian, (allowing an 
hour for fifteen degrees, and four minutes for 
one degree, as was ſaid before; which Opera- 
don is called the Converting an Arc of the Equator 
Into Time ; ) you will haye the time of the Cul- 
mination of that Star from Noon. But if the 
gut Aſcenſion of the Star be lefler than the 
light Aſcenſion of the Sun, fo that the latter 


out eint be Subtracted from the former, you muſt 
the add to it a whole Circle or 360 degrees. 


i 6. The Place of the Sun er any Star being given, 
1.) to find its Oblique Aſcenſion or Deſcenſion, as al- 

che WI ſo its Baftern and Weſtern Amplitude. 

© Bring the given Place of the Sun or Star to 
| 8 4 the * 
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the Eaſtern part of the Horizon, (having re. Ml hc 
Rified the Globe for the Latitude of the Place, WM St. 
by Prob. 3.) and mark the degree of the Equator Ml to 
that aſcends with jt: For the Arc of the Equa- He 
tor, intercepted between the beginning of Aries b i 
and the Point thus marked (expreſſed by the Ml tin 
number annexed to the point) is the Oblique Wnu 
Aſcenſion of the Sun or Star it ſelf, And che del 
Arc intercepted in the Horizon between the 
Eaſt (that is, the interſection of the Equatar 
and Horizon) and the Place of the Sun or Star 
is the Eaſtern Amplitude of that heavenly Body, 
If you bring the ſame Place of the Sun or Star 
to the Weſtern part of the Horizon, the degree 
of the Equator then deſcending, will be the Ob- 
lique Deſcenſion; and the Arc of the Horizon, 
intercepted between the Weſtern point of the 
Horizon, and the ſetting Celeſtial. Body will 
be its Weſtern or ſetting Amplitude. | 
7. The right and oblique Aſcenſion of the Sun, or a 
Star being given, to find half the time of its c- 
tinuance above or below the Horizon ; and if it 
be the Sun, whoſe Aſcenſions are given, to deter- 
mine the Length of the Day and Night, and the 
Hour of the Riſmg and Setting of the Sun; but 
of it be a Star, to find the hour of its Riſingur 
Setting, by the time of its Culmination being gi Wi 
ven: And on the contrary, the Place of the San Wl 50 
and Length of the Day being given, to determine Wl S 
\. » the Places on the Earth to whom they agree. a0 
If you fix the Index to twelve a Clock when Wl Hl 
the Sun's place is under the Meridian, and turn WW ab 
theGlobe backwards till the Sun's place is at the Wh va 
Eaſtern part of the Horizon, the Index will tell I br 
you the Hour of Sun-riſe; and if the Place of W m 
the un be brgught to the Weſtern part of the I th 
Horizon, the Index will pcint out the Hour of I thi 
its ſerting ;. the ſame Index will likewile hey Ye 
os N 
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the Culminating, Riſing or Setting of the given 
Star, when the Star marked on the Globe comes 
to the Meridian, Eaſtern or Weſtern part of the 
Horizon: For in all theſe inſtances Nature itſelf 
imitated. | And the Hour of the riſing or ſet- 
ting of the Sun or Star being known, the conti- 
nuance of 'them-above or: below the Horizon: is 
kh-evident. © 55 G eie 
To find the ſame more exactly by computa- 
tion without the Globe, the Aſcenſions being 
given, do thus: Let the Aſcenſional Difference 
he converted into time, and the addition of it 
to fix hours, if the Celeſtial Body decline from 
the Equator towards the Pole that is elevated, 
or the ſubtraction of it from ſix hours, if it de- 
dine towards the Pole that is depreſſed will 
give half the continuance of that Celeſtial Body 
above the Horizon: And this added to the time 
of its Culminating will give the Hour of its 
Ning, ſubtracted from it will give the Hour 
gits Riſing. And conſequently its whole con- 
timance above the Horizon, (which is the 
Length of the Day, if the Celeſtial Body be the 
dun) will be given, which ſubtracted from 24 
hours, gives its continuance below the Horizon. 
If the Place be required where the Day is 
of a given Length, when the Sun is in a given 
point in the Ecliptic; bring the Place of the 
dun to the Meridian, and the Index to twelve 
Clock; turn the Globe till the Index ſhow the 
Hour ot the Riſing or Setting of the Sun agree- 
able to the given Length of the Day; then ele- 
ating or depreſſing the Pole, let the Globe be 
brought to ſuch a ſituation as the Sun's place 
may be in the Horizon when the Index is at 
the ſaid hour; for in this caſe, the Globe is in 
that ſituation, wherein the Sun being in a gi- 
Jen point of the Ecliptic, makes the Day of the 
70 | given 
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given Length. Therefore all the Places of the 
Earth, whoſe Latitude is equal to the height of 
the Pole of the Globe in this poſition, will ag. 
ſwer the queſtion. - And if the given Place of 
the Sun be in the Tropic towards the viſible 
Pole ; ( that is, if the Place be required whoſe 
longeſt day is a given length,) this Problem 
will ſerve to diſtinguiſh the Parallels and Cl. 
mates; 2 | N 
8. The Latitude and Sun's place heing given, and 
' beſides any one of theſe three, namely the Hur 
Ff the day, the Altitude of the Celeſtial Body, 
and the Azimuth of the ſame be given, to find 
the other two. f 
Rectify the Globe for the Latitude of the 
Place given, by Prob. 3 ; bring the Sun's place 
to the Meridian, and the Index to twelve 1 
Clock; then if the Hour be given, turn the 
Globe about, till the Index point at that Hour, 
or move it accurately, till as many fifteen de- 
grees of the Equator paſs the Meridian forwards 
or backwards, as there are Hours ſince or before 
Noon ; and if the given Hours have minutes, 
for each four minutes, make one degree pals 
by the Meridian. Fixing the Globe in this po- 
ſition, let the Altitude and Azimuth of the Sun 
or Star, be meaſured by the Quadrant of Alti- 
tude firſt fixed to the Zenith: Namely the Al 
titude in the Quadrant, reckoning upwards 
from the Horizon; but the Azimuth in the Ho- 
rizon from South or North point to the inter- 
ſection of the Quadrant with the Horizon. I 
the Altitude of the Sun or Star be given, turn the 
Globe about till the Star arrive at the given 
Altitude, (which may eaſily be try'd by the 
Quadrant of Altitude, ) and the foot of the 
Quadrant will ſnew the Azimuth, and the In- 
dex the Hour, When the Azimuth is my 
| ring 


Sock II. of AsTRONOMY. 267 
bring the foot of the Quadrant to the Azimuth 
given, and turn the Globe till che given Star 
come to the edge of the Quadrant, and imme- 
diately the Altitude is known, being reckoned 
ypon the Quadrant, and the Hour by the In- 
dex: Unleſs it be better to find it by the num- 
ber of degrees of the Equator, that have paſs d 
the Meridian, ſince the Sun was upon it. By 
Hours we here underſtand Equinoctial ones 


1eckon d from Noon to Midnight, tho they may 
„b eaſily reduced to Italic or Babylonic Hours, by 
„ foding ( by preced. Prob.) the Hour of the ri- 
ss or the ſetting of the Sun, from whence 


they (being likewiſe Equinoctials) are reckoned: 
Tis an eaſy matter alſo to reduce any given 
Equino&ial hour,reckoned from any beginning, 
t0an \unequal or Planetary hour, by the leng 


be WY of the day. And if the places of the Planets 
u, und for that time by the help of an Epheme- 
e- mes) be mark d upon the ſurface of the Globe, 
die Conſtellations and Planets may be eaſily 
re found and diſtinguiſhed in the Heavens by the 
es WH Globe, if rectified to the hour of the Night, and 
als WY ina clear ſerene night be compared with the 
o- WY fice of the Heavens, and turn'd about gradn- 
un ally as the night paſſes, to keep the ſame ſitua- 
ti- WY fon with the Heavens. 2 
Al. 9. To find the time when a Fi d Star riſes or ſets 
rs Wl Coſmically or Achronicilly. 5 


lo- Bring the given Star to the Eaſtern part of the 
er- Horizon, and mark the point of the Ecliptic that 
Hes with it; the time when the Sun is in that 

che Wl point(which you may eaſily find upon the Hori- 
ren Lon of the Globe by the Circle of Signs and the 
the Calendar annex d) is the time of the Coſmical 
the Hüng of that Star: But if the time of the Coſ- 
In- mical ſetting were required, mark in the Globe 
en, I dhe point of the Ecliptic riſing when the vo 
hi IRE eh ae 


2. 
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- cally. And this is ſufficient, if by the Cof. 


20n of a given place, and deſcent below it, 


- - riſing when the Sun ſets) will be the ſame, and 


With the Coſmical Riſing in the common ſenſe. 


_ 2 , ” 
" _—_— mw * 3 a 1 — 
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Star comes to the Weft part of the Horizon, 
and the time wherein the Sun enters that point, 


is the Time ſought: To find the Achronical 
Riſing, mark that point of the Ecliptic which 
ſets when the Star riſes, and the Time wherein 


the Sun paſſes that point, is the Time ſought, 
And if that point of the Ecliptic be taken no- 
tice of, that comes to the Weſtern part of the 
Horizon together with the Star, that day the 
Sun is in that Degree, the Star ſets Achroni- 


mical and Achronical Riſing and Setting be un- 
derſtood Morning and Evening riſing and ſer. 
ting, as it commonly does. But if the Cofmi- 
cal riſing and ſetting (as Kepler would have it) 
ſignify the ſame as its aſcent above the Hori 


then this happens daily (if at all) to any Fixd 
Star, the time of which is found by Prib. 7. 
And the Achronical Riſing of a Star (which ac- 
cording to the ſame Author, ſignifies a Star's 


found after the ſame way as the former : But 
the Achronical ſetting comes to the ſame thing 


10. To find the time, when'a given Fix d Stir 
+ * riſes or ſets Heliacally. ,,, 
Since all the Fix d Stars riſe Heliacally in a 


Morning, and ſet in an Evening, to find the 


time when a given Fix'd Star (for inſtance, of 
the firſt Magnitude) riſes Heliacally, that point 
of the Eclipric is to be found, which is 120 be- 
low the Eaſtern part of the Horizon when the 
Star riſes : For when the Sun is in that point of 
the Ecliptic, he is depreſſed below the Hori- 
Zon, juſt as much as is required, that ſuch a Star 


may be viſible when it is juſt come above the 


Horizon. To find this by the Globe, wenn 
| the 
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the Star to the Eaſtern part of the Horizon, 


and find with the Quadrant of Altitude that 
point of the Ecliptic which is elevated 12 de- 
grees above the Weſtern part of the Horizon: 
The point oppoſite to this is the point ſoughe, 
viz. one depreſs'd- 12 deg. below the Eaſtern 
part of the Horizon: That day therefore 
herein the Sun poſſeſſes that point of the E- 
cliptic (which may be eaſily found in the Calen- 
dar annex'd to the Circle of Signs in the Hori- 
z0n of the Globe) the ſaid Star of the firſt Magni- 
tude riſes Heliacally. If the Star be of the ſe- 


cond magnitude, a point of the Ecliptic muſt 


be found, that is depreſſed thirteen degrees be- 
bow the Horizon, when the Star is juſt ac it:? If 
ofthe third, 14 degrees,and ſo on ; as is evident 
from Prop. 9. If the time of the Heliacal ſet- 
ting of a given Star of the firſt Magnitude be 
required, bring the Star to the Weſtern part of 
the Horizon, find as before, that point of the 
Ecliptic which at that time is elevated 12 de- 
grees above the Eaſtern part of the Horizon, 
and the point oppoſite to it (namely that which 
b depreſſed as many degrees below the Weſtern 
part of the Horizon) is the Sun's place in the 
Ecliptic, when the ſaid Star ſets Heliacally. 
After the like manner you may find the Place 
of the Sun in the Ecliptic for any given time 
paſt, when a given Fix d Star did at that time 
nſe- or ſet Heliacally; and conſequently the 


times anciently deſcribed and marked out by 


the Writers of Husbandry and Medicine, may 
be compared with ours: For inſtead of a given 
Star, as it is painted upon the Globes, you are 
to make uſe of that place of it, in which it was 


in that Age; leflening the Longitude of the 


Star one degree and a third part for every Age 


lice the given, but keeping the ſame Latitude. 


II. To 
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11. To determine .the me of the Morning 
and end of the Evening Twilight for any time 


: Reaify the Globe for the Latitude of the 
Place, (Which is ſuppoſed in this and all the pre- 
ceding Propoſitions to be given, ) bring the Place 
of the Sun at the time given to the Meridian, 
and the Index to twelve a Clock; then turn the 
Globe about towards the Eaſt, till the point of the 
Ecliptic oppoſite to the Sun's place, be elena. 
ted 18 degrees above the Weſtern part of the 
Horizon, in which caſe the Sun itſelf is de- 

preſſed as many degrees below the Eaſtern part 

of the Horizon; and therefore {by Prop. 8.) the 

4 Morning Twilight is beginning: and the time 
of it ſne-wn by the Index. But tis better to 
=. - turn the Arc of the Equator, that paſſes the 
Meridian, (while the Globe is moved about in- 

to this ſituation from that which it had when 

the Sun's place was at the Meridian, ) into time, 

to be ſubtracted from 12 hours, for finding the 

Time of the beginning of the Morning Twi- 

þ light. After the ſame manner the end of the 
© Evening Twilight is, found, by turning the 
8 Globe about till the point oppoſite to the Sun's 


place be elevated 18 degrees above the Eaſtern Win 
part of the Horizon; Go. | ee 
| 1132. To find the Diſtance of any tuo Places on th: 
33 \ i Barth, that are given, as alſo the Angle F e 


Peoſition; or that which à great Circle paſſing N 
bro #be given Places, makes with the Meridian WW" 
e either of them. | M 
_ The neareſt diſtance of any two Places, which A. 
is always to be computed in a great Circle, is WP! 
found by taking their diſtance as they are drawn W 
upon the Globe ; (by a pair of Compaſſes form'd 
for that purpoſe,) and applying that interval to 
the Equinoctial or firſt Meridian, to know the 
3971 num- 


ok II. of ASTRON OMY. 271 
aimber of degrees between the two Places; 
and prone for every Degree, 60 Engliſh or 
i5 German Miles. For the magnitude of the 
the MW barth is ſuch, that a degree of a great Circle 
re« deſcribed upon its ſurface, is nearly 60 Engliſh 
ics Nor 15 German Miles. 

an, To find the Angle of Poſition, the Globe 
the Mnuſt be turn'd about till the firſt of the two 
the baces becomes Vertical, (which it will be, when 
a. arrives at the Meridian of the Globe, being re- 
the fed for the Latitude of that Place;) then 
le. nore the Quadrant of Altitude faſten'd to the 
art Vertex, and conſequently to the firſt Place, till 
he touch the ſecond Place; and the Arc of the 
me Horizon intercepted between the Meridian and 
to WI Quadrant of Altitude, will be the meaſure of 
he WH the Angle of Poſition between the Meridian of 
in- be firſt Place and the Great circle (namely the 
cn WT fad Quadrant) paſſing through the two Places, 
becauſe the Zenith is the Pole of the Horizon. 
The Arc of the Quadrant intercepted between 
e two given Places converted into miles, 
(without the help of the Compaſles uſed above) 
vill give the diſtance of the Places. But if, 
repeating the former Praxis,the Angle be found, 
tat the ſame Circle paſſing thro'-the two Pla- 
& makes with any number of intermediate 
Meridians ; (paſting thro' for inftance, the ſe- 
feral degrees of the Equator ; ) the Rhaumbs 
Wl be determined, along which you are to fail 
0 the intermediate Places ſituated in the ſaid 
Meridians, if you would fail nearly in an Arc of 
ich great Circle (that is, the ſhorteſt way) thro' 
, is Woven Places. | | 

wn 13. Given the Hour of the day according to the 
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| to at that time in another given Place; and to find We 
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Bring the Place to the Meridian, and the 
Index to the given Hour according to the rec. 
koning of that Place, then turn the Globe g. 
bout till the other given Place comes to the 
Meridian, and the Index will point at the 
Hour ſought. For the ſecond caſe, bring the 
Meridian and the Index to the given Hour, 3; 
before; then turn the Globe till the Index point 
at the other given Hour; and all the Places 
then under the Meridian will reckon or have 
the given Hour of the day. 1 

I you are for calculating it, you will find it 
more accurately. If the two given Places are 
under the ſame Meridian, or have the ſame 
Longitude, they will alſo reckon the fame Hour 
from Noon or Midnight; But if their Longi- 
tudes differ, the difference of their Longirudes 
found by the Globe and turn'd into. Time, gives 
the diſtance of the Hours in thoſe Places reo- 
koned at the ſame moment, ſo as that the Place 
which is towards the Eaſt reckons the greater 
of thoſe two Hours. In the latter caſe, where 
the difference of time is given, let it be con- 
verted into an Arc of the Equator: And this 
Arc will be the difference of the Longitude, 
which being added to the Longitude of the gi- 
ven Place, if it reckons the former Hour, or 
ſubducted from it, if the latter, will give the Lon- 
gitude ſought; and all the Places of the Earth 
under the Meridian having that Longitude, 
will anſwer the Queſtion. What is here ſaid of 
our Hours reckoned from Noon or Midnight, 
may eaſily be applied to Italic or Babylonic, Or 
even Planetary Hours, by reduceing them; 4 
was ſhewn in Prob. 8. th. | 


14. To 
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14: To find the Place where the Sun is vertical at 
a given time; and all the Places where the San 
e 3. at that time appears in their Horizon riſiug or 
the ee n 
the Ml Having rectifled the Terreſtrial Globe for the 
the I Latitude of your Place and the Cardinal points 
, 4 ef the World, turn the Globe about till that 
dint ¶ hace become vertical; and let the Globe in 
aces WW this poſition be expoſed to the Beams of the 
un, (by removing the Horizon; that hinders 
the Rays of the Sun, ) and at one view it will ap- 
ear in what places of the Earth it is Day, and 
where it is Night; where the Sun is riſing and 


ume ere it is ſetting. For ſince the Globe and 
our i arth it ſelf are ſimilar in Figure and ſimilarly 
ig N polited, they will be ſimilarly enlightened by 
des de Sun, , whoſe immenſe diſtance may be look- 
we el won as infinite. That Place, which is the 
rec. Pole of the Cirele, marked out by. the confines 
lace WF of Light and Shade, is the Place where the Sun 
ater N urertical, and may be determin'd mechanically, 
ere y ſecking the place, where the Shadow of a 
on- * erected perpendicularly upon the Surface 
thi the Globe + vaniſhes, or falls upon the Foot 
ade, a the Style it ſelf. If the ſame things be re- 
g ed when the Sun does not ſhine, find (by 
» 0! Peced. Prob.) the Meridian of the Places 
on- ere it is then Noon, and in this Meridian 
arth ae that place of the Earth, whoſe Latitude to- 
ude, Wards the ſame Pole is the ſame with the Sun's 
id of Mitclination at that rime ; and that is the place 
ght, Where the Sun is vertical, and if it be made 
„ Of ertical, the Horizon will ſhow the confines of 


lipht and Shade, or all the places where the 
un appears in the Horizon; and then tis eaſy 
o diſtinguiſh the Places where he is riſing, from 
ts places where he is ſerting. | 


x 15. Ta 
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15. To male an Horizontal” Dial for à given 
=? Place by the help of a Globe. 
Rectify the Globe (as before) ſor the Lati. 
tude of the Place and the Cardinal points of 
the World: If beſides rhe Meridian, there were 
eleven dther Hour Circles (that is, 24 Hour 
Svmicircles) immovable, ſtanding without 
the Globe, and the whole Globe; beſides the 
Arc about which it revolves, were pellucid; 
tis evident that che Sun placed im the Meridian 
would caſt the ſhadow of the Axe upon the o- 
ther half of the Meridian, and placed in the 
One a Clock Hour Circle after Noon, would 
caſt the ſhadow of the opake Axis upon the 
One a Clock at Night Hour Circle, or the 
other half of che ſame Meridian beyond the 
Poles; and ſo on in the other Hour Circles. 
If beſides all this, you imagine an Horizontal 
Plane ſhewing the ſhadow of the Axe caſt up- 
on it by Reflexion, when the Sun is in the 
Metidian, the ſhadow of the Axis projected up- 
on the horizontal Plane, will be in that part of the 
common ſection of the Meridian and Horizon, 
which is beyond the Center; that is, in a Right line 
connecting the Center with the interſection of 
the Meridian and Horizon: When the Sun is 
come to the One à Clock Circle, the ſhadow 
of the opake Axis projected upon the hotizon- 
tal Plane, will be that part of the common Se- 
ction of the One a Clock Hour Circle with 
the Horizontal Plane, that lies beyond the Cen- 
ter, or which connects the Center with the 
common interſection of the One a Clock At 
Night Hour Circle; and which does there- 
fore contain with the Meridian or Twelve 4 
Clock line, an Angle, that is meaſured by the 
Arc of the Horizon, which is intercepted be- 


_ tween the Meridian and One a Clock oy 
* | alter 
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ter Noon or- Midnight. And after the ſame 
manner the Sun, when it is at the Two a 


Glock Cirele: after Noon, caſt the ſhadow of 
the Axe upon the Horizontal Plane in a Right 


| line connecting the Center and interſection of 


the Two a Clock at Night Hour Circle and 
Horizon; which therefore makes with the Me- 
ndian line an Angle, that is meaſured by an 
Arc of the Horizon intercepted between the 
Meridian and the two a clock Circle: and af- 
tet the ſame manner in the other Hour lines 
wor the Horizontal plane, every one of them 
makes an Angle with the Meridian, which is 
meaſured by an Arc of the Horizon intercept- 
d between the Meridian and Hour Circle it 
belongs to. That a Sun- Dial therefore may be 
Gwn upon an Horizontal Plane, upon any 
point as a Center, let a Circle be deſcribed re- 
prkntiog the Horizon of the Globe, ( for the 
Center of it repreſents the Center of the Earth, 
ainthe preſent cafe, the Center of the World:) 
Thro' the Center draw a Meridian line ; that 
i one that being produced would reach to the 
Cardinal; Points of North and South, and upon 
tie Center gre& an opake Right line repreſent- 
ing the Axe of the World, tending to the Pole; 
that is, ſo as in the plane of the Meridian to 
make an Angle with the Meridian line equal 
to the Angle of the Elevation of che Pole above 
the Horizon of the place. Then let the one a 
Cock line after Noon be drawn from the Cen- 
ter of the Circle on the Eaftern fide. of che Me- 
ndian line making an Angle with it, meaſured 
dy the Arc of the Horizon intercepted: between 
the Meridian and Onea Clock Hour Circle; But 
becauſe the Hour Circles are not to be found 
in Globes, let ſome certain Secondary (for in- 
lance, one of the Colures) be pitched * 

' 2 SEN. 
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let the Globe be ſo placed, that this aſſumed 
Secondary may be inſtead of the firſt Hour 
Circle; that is, that 15 degrees may be inter- 
cepted between the fix d Meridian and this af. 
ſumed one; then let the degrees intercepted 
between this aſſumed one and the fix d Meri. 
dian, be reckoned in the Horizon. Turn the 
Globe then, till che aſſumed Secondary of the 
Equator come to be in the place of the Two a 
Clock Circle in the Afternoon; that is, till zo 
degrees of the Equator be between it and te 
fix'd Meridian, and che degrees of the Horizon 
intercepted between the Meridian and the Cir- 
cle aſſumed thus poſited,” being numbered; let 
lines be-drawn'to the Baſtern ſide of it from the 
Center of the Sundial, making Angles with the 
Meridian line meaſured by the ſame number 
of degrees, and they will be the Hour lines of 
One and Two a Clock. And proceeding, after 
the ſame manner muſt the Lines of the follow- 
ing Hours be drawn, till you come to that 
Hour that the Sun ſets at in the Longeſt day: 
Where, tis evident, that the Hour line of fix 2 
Clock is perpendicular to the Meridian line, 
ſince in any Latitude whatever, there ate 90 
degrees intercepted between the Meridian and 
the ſix a clock Hour line. After the ſame manner 
are the Angles to be determined, that the lines 
of the half Hours or any other parts of Hours 
contain with the Meridian line upon the Hori- 
Zontal Plane. Having done drawing the Hour 
lines upon one ſide of the Meridian, for inſtance, 
for the Hours after Noon, the Morning Hour 
lines are to be drawn ſo, as that the lines repre- 
fenting the equally diſtant Hours from Noon, 
may make equal Angles with the Meridian, 
but lying on the other ſide. After the like man- 


ner, (dy.me help of the 13 Prob.) may a 4 
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kal be drawn upon any Plane: For any Plane 


ur s the Horizontal Plane of ſome place. 

* 75 4p fi 2 N | p41 +. 4 * , 4 
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© Wo SECTION IW. 
1 bout the determining by Obſervation, the 
a2 ſtuation and reſpect, that the Circles of 
j the Sphere have to one another. 
on ein s $2.1 3% » $-) ee 
1 O determine by Obſervation, the Plane of the 

l Meridian Cirele in any Place. . 
* The Place being given, the Horizon is alſo 
= gen: for that is determined by the Sight. 


And this being the only one that comes under 


of the notice of our Senſes, the others muſt be de- 
tek termined by the reſpect they haye to this; and 
we firſt the Meridian. Let two planes of Vertical 
nat Circles be found by Obſervation, that a Cele- 
'/ * WH fil Body, which does not change its Declina- 
© Wh tion, is upon, when it is at the ſame Altitude 
_y kefore and after its greateſt Elevation above the 
* Horizon ; the Vertical Plane biſecting the An- 
wy pk contained by theſe two Planes, will be the 
. Pane of the Meridian, and produced unto the 


Heavens by the ſight will mark out the Meridian 
bucht. Since (by the ſuppoſition) the Cele- 
ial Body does not change its declination, it 
ml deſcribe by its Diurnal motion a Circle pa- 
* nel to the Equator : The higheſt point there- 
" hore of this Circle (as alſo of the Equator itſelf ) 


my bin the Meridian Circle, and the points that 
e r ar equal Heights on either fide, will be 
3 


. qurdiftant from the Meridian. Wherefore 
un., | verſly, that Circle from which the Verticals, 
aal b which the Celeſtial Body was at the ſame 


S*'3 Allti- 


} . 
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Altitude, are equidiſtant on both ſides, is the 
Meridian; that is, the Circle, whoſe Plane bi- 
ſeas the Angle contained by the abovementi- 
oned Verticals is the Meridian itſelf, ©. E. I. 
As for the Practice, this is a good way enough 
of ſolving the Problem: Upon a Plane paral. 
lel to the Horizon, that is, one to which a 
Plummet is perpendicular (ſinee the Zenith and 
Nadir, upon which the Plummet falls when pro- 
duced, are the Poles of the Horizon, ) erect 4 
Style, on whoſe lower extremity, as a Center, 
let a Circle be deſcribed upon the Horizontal 
Plane, and let a point be marked in the Cir. 
cumference of it, upon which the ſhadow of 
the top of the Style falls before Noon; and 2. 
gain that point of it upon which the ſhadow of 
the ſame falls in the Afternoon: A Right line 
connecting the center of the Circle with 
that point which biſects the Arc lying between 
the two points thus marked, is the common de- 
ction of the plane of the Meridian with the 
Horizontal Plane, which is alſo called the 
Meridian line; becauſe it ſhews the North 
and South Cardinal points by its direction 
A Plane therefore erected upon this line, 
e to the Horizontal plane, is the 
lane of the Meridian ſought. When the Ce- 
leſtial Body made uſe of in the ſolution of this 
Problem is the Sun, tis evident that it mult be 
done, when the Sun does not ſenſibly change 
his declination; (for this is a neceſſary quali- 
fſication in the Celeſtial Body pitched upon for 
this Ra ) that is, in one of the Solſtices. e- 
cauſe theſe Obſervations are to be made before 
and after / Noon, the Summer Solſtice is to be 
preferred, ſeeing that in the Winter Solſtice, by 
reaſon of the Sun's nearneſs to the Horizon, the 
' , E 145 unccl- 
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incertain Refractions will render the operation 
doubtful; and beſides, then the Sun aſcends 
ud defeends too obliquely, altering its Ver- 
„tial much more than its Altitude; which is in- 
oh Wl commodious in this operation, where the Ver- 


ral. cal is to be determined by the Altitude. There- 
1 2 Ml fore when the Sun is in the Summer Solſtice, a 
nd Ml Circle is to be drawn upon the Horizontal plane, 
co- bas that the extremity of the ſhadow of the 


Style or Gnomon may fall upon it, when the 
Sun alters its Altitude pretty much, and his 
Azimuth but little; and therefore ſeveral con- 
centric Circles are to be drawn, that the moſt 


of Wl tommodious may be choſen. 

-o determine the Meridian line drawn for 
of be fixing your more accurate and perfect In- 
ine I frumenes; this operation ſhould be repeated, and 


athers made uſe of, to be ſeen amongft ſeveral 
athers, or eaſily thought upon by any one: 
And this is to be underſtood of any other Obſer- 


the nations,” that are fundamental, and upon which 
the along train of others are built. The longeſt 
oth g Ses or Gnomons are the fitteſt for the making 
ion. ds Obſervation : And inſtead of an opake ex- 
* ttemity or top, in a large Building, a hole let- 
the 


my the Rays of the Sun paſs thro it into the 
Edifice, would be more proper; as Cini did 
ache Church of St. Petronius at Bononia. 


ſt be 4 | 

inge il PRO PDOSITION XVII. | 
uali- T O determine by Obſervation the Height of the 
n for Pole, and Situation of the Equinottial, in regard 
„Be- if the Horizon. WITS [7s FT 
fore I "Where: one of the Poles has a conſiderable 
to de Elevation, [ Fig. 5-] let the greateſt and leaſt 
e, by Alticudes O S and O & above the Horizon HO 
the of any Fix d Star that never ſets, (both of which 


happens in the Meridian,) be obſerved by an 
th 14 Inſtru- 


8 DEI ZME NTS Bock II. 
| Inſtrument fix d in the plane of the Meridian 
| determined by the preced. Prepy) And PS or Pe 
half the difference $5 of theſe two Altitudes, is 
the diſtance of the Star from the Pole: This di. 
8 ſtance Pe therefore, or PS added to the leſſer 
Altitude Og. or ſubtracted from the greateſt O5, 
gives OP the Height of the Pole fought, If 
the Star, when it is at its greateſt Height is ſtu- 
ated upon the other ſide of the Zenith , be- 
tween Z and H; then inſtead of the greateſt 
Altitude of the Star, you are to make uſe of its 
complement to a Semicircle, in the foregoing 
Calculation. | . 
Great care and diligence is to be uſed in 
making this Obſervation: For upon this are all 
the other obſervations of the Sun and Fired 
Stars, and conſequently all Aſtronomy is foun- 
ded. Such a Fix'd >tar therefore is to be choſen 
as is leaſt liable to Refraction in its leaſt Alti- 
tude; that is, the neareſt to the Pole, which 


>>DBoOorzr gps => © is 


does not approach the Horizon too much: For 
the Refraction of Stars are liable to make their WW i 
places obſe rved near the Horizon uncertain ; P 
as ſhall be ſhewn' hereafter, / raps (Ya k 
I neither of the Poles be elevated enough 2. tl 
bove the Horizon, then he thing is to be done th 
by the Meridian Altitude of a Star, whoſe De- e 
clination is known; as ſhall-be:ſhewy; in the th 
Corollary to the following Propeſirion. And in Bl & 
moſt places, where but few. Obſervations are E 
deſign d to be made, this method is uſually taken. n 
But ſince the Obſervation of the Declination | 
of the Stars, depends upon the knowledge of WM n 
the Height cf the Pole, tis more proper to lay Wi 4 
down ſuch a manner of obſerving the latter 2 (cl 
does not depend upon the former; which allo WW * 
muſt neceſſarily be uſed by all cautious Obſer- WF d 


vers, that deſign to determine the places 5 the Wl 
Y | tars, 
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Stars, and without truſting the Obſervations af 
others at all, ſince they may repeat them. 

The Height of the Pole being found, the Alti- 
de of the Equator, or HE the Arc of the Meridi- 
an intercepted between the Horizon HO and the 
Equator E © is determined; For it is the Com- 
gement of the former to a quarter of a Circle: 
for becauſe” HZ O is a Semicircle, and PE a 
Quadrant, PO and HE together will be equal 
wa Quadrant. The ſituation therefore of the 
Equator in regard of the Ar Horizon HO, is 
determined: For it interſects it in the points of 
the true Eaſt and Weſt, which are marked out 
ua Right line perpendicular to the Meridian 
ound by the preced. Prop.) and the Plane of it 
vinclined to the Plane of the Horizon by an 
kogle, whoſe meaſure is the Arc HE lately 
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By the help of theſe two Propoſitions the 
magnitude of the Earth may be known. If a 
qurney made along the Meridian (drawn by 
Prop. 16.) be exactly meaſured, and by an Ob- 
ſervation of the Altitude of the Pole made at 
the beginning and end of the journey, the ra- 
tio of the Arc of the Terreſtrial Meridian inter- 
cepted, to the intire Meridian be determined; 
the Circumference of the intire Terreſtrial Meri- 
ian will not be unknown: And conſequently, the 
Earth's Diameter, and from thence (by Geo- 
metry,) its Surface and Solidity will be known. 

Beſides, becauſe in practiſe, a journey taken 
under any Meridian, or the length of the Way, 
Kevery where very nearly proportional to the 
Change of the Elevation of the Pole by Obſer- 
vation; tis evident that the common Section of 
the ſurtace of the Earth, and of the plane of any 
Mcridian is a Circle, and conſequently that the 
figure 


p 4 
1 

N 1 
7 

1 

f 

* 

7 


, 
N 
o 
a, 
! . 
15 
1 
1 
* \*y 
5 
9 
177 
7 
1 


282 The BLEMEN Ts Boch Il. 


ügurs of the Earth is Spherical. We abſtraq 
now from the little elevation at the Equator 
(concerning which in Prop. 3 1. B. 1) which in 
| 2 before · mentioned operation will be inſen- 

4 = TOTES 00 


ProPoSITION: XVIII. 
O obſerve the ' Declination | of any Celef;a] 
bh n, AT ARR 
Let ths Meridian Altitude of che Star pro- 
Poſed be obſerved. If the Star be in the qua. 
drant Z H'of the Meridian [ fg. 6.] that the 
- Equator E © interſects the Meridian in, as at ;; 
the difference of the Altitude of the Equator 
HE and of the Altitude of the Star He (name. 
ly Es) is the Declination of the Star ſought, 
But if the Star be in the quadrant Z O of the 
Meridian, in which the Pole P is, as in 8; 
then the difference of the Altitude of the Pole 
P, and of the Altitude of the Star OS, (name- 
dy, PS,) or the diſtance of the Star from the 
Pole, is the complement of the Declination 
a 20! Gnome £4 2s 
We add nothing at all here about the actual 
making the Obſervations and the conſtruction 
of the Inſtruments, in which the chief difficul- 
ty of theſe things conſiſts. For we ſuppoſe the 
Maker very well verſed in Practical Geometry, 
Mechanics and Optics. And it is evident that it 
will be moſt commodious for any one that is 
about to determine the Places of the Fix'd Stars, 
to have a Quadrant or rather a Semicircle in- 
tirely immovable in the Plane of the Meridian, 
and divided into Degrees, and their leſſer parts 
according to art, and an Index moving upon 
its Center, furniſhed with Teleſcopic Sights, 
for the ready meaſuring the Meridian Altitude 
of any Star, when it comes to the Plane * the 
. eri- 
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ract I Meridian: For this Obſervation of the Decli- 
qacion of the Stars is of great uſe in correcting 
1 in their Places. ir 0 6 5 5 
As the Declination of an Heavenly Body 
b ound by the Elevation of the Pole or 
1 WH quator, and the Meridian Altitude of the Ce- 
4% WY tial Body being given; fo, on che contrary, 
the Elevation of the Pole or of the Equator 
ro. Wl nay be had, by the Meridian Altitude and De- 
na. nation of the Star being given. For in the . 
the "Ow Z E H, the ſum or difference of the 


-> - D I * — 8 
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P 


e; lies He, Eo gives the Elevation of the Equa- 

tor I r HE. But in the Quadrant Z PO, the ſum 

ne. difference of the Lines OS and PS gives the ; 
ht, Ntitude of the P ole. Fail 4 A 8-4 [ 
the at ; 170 ; ? 7 A |; 
95 PROrOSsTITION XIX. 


le No obſerve the Inclination of the Ecliptic to the 
. » Equator or the Obliquity of | the Ecliptic, and 
be #dtermine its Situation and conſequently that of the 
on lalres, Tropies and Polars, in reſpect of the Equator. 
Let the Sun's Declination be daily obſerved 
uon both Solſtices: (by the preced.) This, 
on ere it is greateſt, is the Obliquity of the E- 
ul. Ciptic ſought. For ſince the Ecliptic is the 
he my of the Sun, as big as the greateſt Declina- 
„ ba of the Sun is, ſo big is that of the Ecliptic 
it elf; conſequently the one being obſerved, 
is WJ it other is alſo obſerved. Q. E. F. N 
rs, ut ſince from the preceding Praxis, the De- 
n- dination of a Celeſtial Body can t be obſerved, 
n, . *pting when that Star is in the Meridian; 
rts k the Solſtice ſhould happen to be celebrated 
on when the Sun is not in the Meridian of the 
te, Wl Obſerver, (which will generally happen there 
de vil be ſome error; but ſo ſmall as to be not 
he Vorth regarding. For we gave * | 
; that 
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284 The ELEMENTS Bock II. 
that the Declination ſhould be taken any Noon; 
and conſcquently the greateſt. error will be 
when the Solſtice is celebrated at Midnight; 
that is, at that point of time which is moſt re. 
mote from Noon. The error therefore, when 
it is greateſt, will be equal to what the Sun's 
Declination 12 hours before or after the Solftice 
wants of its greateſt Declination: But this does 
not ariſe to above four Seconds; tho the Obli. 
quity it ſelf is not determined to a minute, ot 
even two, by Artiſts themfelves. Of the Solfti- 
ces that is to be choſen, in which the Sun may 
be beſt obſerved without any danger of ertor, 
and in this regions near the North Pole, the 
Summer Solſtice; becauſe the Sun'in the Winter 
Solſtice, even at Noon it ſelf, is not out of all 
danger of Refraction; which is a matter of ve- 
ry great moment in this kind of Obſervation, 
There are ſome places, where to find the Obli- 
quity of the Ecliptic, it may be adviſable to ſub- 
tract the Meridian Altitude of the Sun, when in 
one of the Solſtices, from its Meridian Altitude 
in the other, if the Sun in both caſes be on 
the ſame ſide of the Zenith; but if on different 
ſides, from the Complement to a Semicircle of 
the latter Meridian Altitude, to have the di- 
ſtance of the Tropics remaining, half of which 
is the Obliquity:ſought. * 

Jo get the Obliquity of the Zodiac with 
great exactneſs, Obſervations continued for ſe- 
veral Years, ſays the skilful and induſtrious 
Hevelius, and ſuch; as are compleat on all ac- 
counts, taken by your larger Inſtruments, and 
ſuch as may be depended upon, are neceſſary. 
And upon this account it is that now-a-days, 
when Inſtruments are both great and accurate- 
ly divided and furniſhed with Teleſcopic Sights, 
there is a ſenſible difference obſervable * 

| the 
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„oe Obliquities of the Zodiac ſet down by dif- 
be rent Artiſts. For Hevelius makes it 23deg. 300 
% The ſame does Ricciolus in his Reformed 
e. Anm. Monton,' who has writ almoſt an en- 
en ir Book upon this Argument, chooſing, after 
ral repeated Obſervations, the middle be- 
os neen the extremes, fixes upon 2387. 30“, as 
Bieolus in his Almageſt does from ſome, ſelect 
Obſervations: This is what Mr. Street alſo, in his 
ia Carolina, ſets down, and moſt Aſtro- 
mers now make uſe of. Notwithſtanding 
De la Hire, in his Aft ronom. Tables, Part firf, q. 
te Motions. of the Sun and Moon, makes it an in- 


ve ir minute leſs; namely, only 23. 29, and 
> en from Obſervations near the Zenith, and 
a1 Wor of all danger from Refraction. at 

e. And were the judgment of the Ancients a- 
n. oe this matter conſulted, ſo great a difference 


wuld be found between che Obliquity obſerved 


b. chem and that taken from the Heavens now, 


in i ſome Authors have thought it to be changa- 


de e beſides the change made init twice a Year; 


on ick we don't here diſpute about, becauſe al- 
nt t inſenſible: Since from the time of Ariſtar- 
che Samian, who flouriſhed near 300 Years 
di- ehre Chriſt, it was reckon'd to be about 24˙: 
It in Prolemy's time, about 140 Years after 
uriſt, not above 23% 51“. And again, in 
Waregnius's time, near 900 Years after Chriſt, 
aly 2387. 35%. And Tycho by his Obſervations 
ules it to be but 23. 31'. 30”. Yet the moſt 
Wuſtrious obſervers of the preſent Age, will 


nd e it, notwithſtanding, to be conſtant ; name- 
ry. Wh 6fſendus, Ricciolus, Horrox and Hevelius, who 
ys, WS nor think, in his Prodromus, that we ought 
te- depend ſo much upon their Obſervations, 


Mets, nor proceeded in the ſhorteſt method. 
Nay, 


ce they did not make uſe of the beſt Inſtru- 
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Nay, ſome of the Ancients, and Prolemy himſelf 
in his Almageſt, think fo too; Albategnius for the 
Tame reaſon with Hevelins, prefers his own Ob. 
ſervations to theſe of the Ancients. And Gy 
| ſendus in the Life of Peireabius, ſhews, by ſome 
Obſervations of his own making, that the Oh. 
liguity of the Zodiac is the ſame now.a- day, 
as it was in the time of Alexander the Great; be- 
cauſe he found by an Obſervation made at Iſa- 
ſeilles by himſelf, that the ratio of the Gnomon 
to its ſhadow at Noon in the Summer Solſtice, 
was the ſame with that obſerv'd in the ſame Ci. 
iy at the ſame time of the Year by Pyrbeas Moſſ- 
| Beſides, the points in the Heavens, where the 
Ecliptic inter the Equator are they, in 
which the Sun appears when the days are e- 
qual to the nights to an Obſerver, to whom 
either of the Poles is elevated above the Hori- 
zon. This therefore is the ſituation of the Eclir 
tic, that it may cut the Equator in the ſaid 
points, and be inclined to the Equator in thi 
Angle above determined, half of it tending te 
the North Pole, in which the Sun is, when the 
Days are longer than the Nights to the Inhabi- 
tants of the Northern Hemiſphere of the Earth. 
The ſituation of the Ecliptic being given, the 
ſituation of the Tropics is immediately given; 
becauſe they are parallel to the Equator, and 
touch the Ecliptic, and are as far from the Equa 
tor, as the Obliquity of the Ecliptic is great 
and the Polar Gircles are as far diſtant from 


the neareſt; Poles. The ſituation of the Co, 
lures is deduced from hence, for the) paz 7h 
thro the Equinoctial and Solſtitial points found te 
before, and inrerſe one another at right angles tw; 
in the Poles already determined by Obſerva- 
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| PRO POSITION XX. n 
HE Obliquity of the Ecliptic being given, to 
find by calculation, the Right Aſcenſion and 
ſyclination of a given point in it, as alſo the Angle 
that the Echptic ma es with the Meridian at the ſaid 
t; and converſely, to define the point of the Etlip- 
lie, to which 1 theſe agrees, and conſequently to 
ltermine the place of the Sun in the Ecliptic, by an 
(ſervation made in end, th 
Let E N. | Hg. -] repreſent the Equator; 
whoſe Pole is P; E L the Ecliptic; E the point 
done of the Equinoxes; L a point given in 
the Ecliptic, thro' which let a Circle of Decli- 
the min, as PL A, be ſuppoſed to be drawn. 
in lathe. Spherical Triangle E L., there is gi- 
en the Side E L, namely the diſtance of the 
int given from L, and the Angle E L, the 
Obiquity of the Ecliptic; the Angle & alſo 
uren, namely a right one, becauſe. P is the 
Bk of the Circle E : The fide © L there- 
ke will be jound (by Spherical Trigonometry,) 


dis North or South, according as the adja- 
tent Pole is: In like manner the Side E 9 will 
kfound, which (according to the ſituation of 
lie point Lin this or that Quadrant of the E- 
dptic, and the nature of the point E) will be 
ther the Right Aſcenſion ſought, or its com- 
ment to a quarter, or half, or three quarters, 
Tan intire Circle. For the Angle © L E is gi- 
un, that the Echptic makes in the ſaid point 
vith the Circle of Declination or Meridian. 
Ihe converſ2 of this is done after the like man- 
ner: Vet we are to take notice, that there are 
Wo points of the Ecliptic, whoſe Declination to- 
dards the given Pole is the ſame; and therefore 
ue ſort of a determination is neceſſary. 
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Of the Fix d Stars, and the determining 
their Places by obſervation} and ſome o- 
. ther things that belong hereto. 


r SE feet ara 
Poros TIN XXI. 
10 explain the ſeveral Orders of the Fix d Sta 
i into which they are divided on account of their 
different apparent Magnitude; and to give ay as 
count of this difference,” YE 1 
In ſome of the preceding Propoſi we haye: 
laid down the method; whereby the poſition of 
the chief Circles of the Sphere ate determined 
in reſpect to the ſenſible Horizod on; namely, of 
the Meridian, Equator, Zodiac, both Colures, 
Tropics and Polar Circles: We ſhould now 
ſhew the way, how the Places of the Fixd 
Stars in reſpect of theſe Circles are to be found. 
But before that, we muſt ſay ſomething about 
2 Fix d dtars themſelves, their differences and 
der.. Deere 1 1 SY 

And firſt, there appears a vaſt difference 4 
meng the Fixed Stars as to their apparent Mag- 
nitude and efficacy of their Rays, to any one 
that ſhall but look up to the Heavens in a clear 
night when the Moon does not ſhine. On thus 
account Aſtronomers have made fix Claſſes, or 
Orders of them, the greateſt of which they call 
Stars of the firſt Magnitude ; the leaſt, Stars of ibe 
ſixth,” and the intermediate in the ſame order, 
Some make the difference to lie in the real 
magnitude of the Stars, aſſerting ſome of them 
to: be really bigger than others, while they are 


all equally did, becauſe placed according n 
2 the 
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them in the ſame Spherical ſurface : Others fol- 
lowing the Ancients, make their different diſtance 
to be the cauſe of theirdifferent Magnitude. 
And this opinion is very much fdvoured by 
be number of the Fix d Stars of the firſt and 
ſecond Magnitade. For if evety Fix d Star 
did the office of a Sun, to a portion of the 
Mundane ſpace nearly equal to this that our 
zun commands, there will be as many Fix d Stars 
ecke firſt Magnitude, as there can be Syſtems 
ef this ſork touching and ſurtounding ours; 
08 d that is, as many equal 'Spheres 4s can touch 
in equal one in the middle of them. Now, 
b certain from Geometry, that thirteen 
we Bl Spheres can touch and ſurround one in the 
of WY ade equal to them, (for Kepler is wrong in 
alerting, in B. 1 of the Epit. that there may 
twelve ſuch, according to the number of the 
Angles of an Tcoſaedrum,) and juſt ſo many un- 
eontroverted Stars of the firſt Magnitude are 
uten notice of by Obſervation. For Aſtrono- 
Mers are not as yet agreed upon their number: 
Hevelius' reckons the bright Star in the Eagle's 
alder of the ſecond magnitude, whereas Tycho 
Made it of the firſt ; and on the contrary He wve- 
iu makes the little Dog and the right Shoulder of 
hm of the firſt magnitude, and Tycho of the 
kcond. And there are others that Hevelins 
linſelf doubts of. | 
Again, if it be asked how many Spheres equal 
b the former can touch the firſt Order of 
eres, ſurrounding the Sphere placed in the 
inning, (or rather a Sphere comprehending 
thoſe former thirteen together with a fourteenth 
the Center ;) the number of theſe will be 
d to be gz, ot 4x13. For the centers of 
theſe Spheres of the ſecond Order are in a Sphe- 
ncal ſurface, which is 9 of that in —_ 
the 
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the centers of the Spheres. of the firſt Order 


touching the inmoſt are, ſinee the Diameter of 


the one is double that of the other q and nearly 
as many Fix d Stars of the ſecond magnitude 
have been taken notice of; Heveliks making 
hem to be about 50; Kepler following The 
58; and Prolemy not above 45; now we aſſume 
the middle between them: For there is x 
greater difference among Aſtronomers about 
Stars of: "the ſecond magnitude than about 
Stars off the firſt. Nor will there be any 
great difference from Obſervation in deter- 
mining the number of the Fix d Stars of the 
other magnitudes according to this method. 
For the farther conſideration of this matter, it 
only remains that we ſhew, that there is the 
fame Order obſerved among the Fix d Stars of 


the firſt rank, as there is between the central 


Bodies of the Spheres touching and furrounding 
the inmoſt Sphere (near whofe Center the Eye 
is placed;) and the ſame between the Fix d Stars 
of the fecond magnitude, as there is between 
the central Bodies of the Spheres ſecond in or- 
der from theſe; and ſo on. And here indeed 
the matter does not go on ſo well, (which made 
Kepler of another opinion,) as is evident even 
from hence, that upon the firſt caſt of our Eyes 
upon the Heavens, ſome tracts of the Firma- 
ment appear fill'd with innumerable Fix d Stars, 
whereas others are found to be almoſt empty 
and void of any. ne eee p 
But there is no great error committed in 
the order of the Stars of the: firſt and ſecond 
magnitude, as will appear to any one chat 
makes a compariſon: For there are ſix Stars of 
the firſt magnitude in the Zodiac, three to the 


North and four to the South, nearly, as it ougilt 
PRO. 


totbe according to this Theory. 


9 44 


_, © PROPOSITION XXII. 

ly WTO. enumerate the Conſtellations, into which the 
de 1 Red Stars are diſtributed by Aſtronomers, 

g WM The Ancients either following the Shape and 
bo; Figure of the diſpoſition the Stars appeared in, 
ne er led by Religion, have diſtributed all the Fix- 
a Wl ed Stars viſible in our Temperate Zone, into 48 
ut Wl Images: Twelve of which are ſituated along 
ut Wl length of the Zodiac, and give names to its 
ny Wl Dodecatemories ; And there are in the Northern 
er. WH half, Aries, Taurus, Gemini, Cancer, Leo and Virgo; 
he Wn the Southern, Libra, Scorpio, Sagittarius, Ca- 
0d, Micornus, dquarius and Piſces, The other Images 
it te placed in the Hemiſpheres ſeparated from 
the dne another by the Zodiac: in the Northern 
of Wh, namely the little Bear, the great Bear, Draco, 
call Cipbeus, Bootes, the Northern Crown , Hereulesj, 
ing , Cygnus, Caſſiopeia, Perſeus, Andromeda, the 
Inangle, Auriga, Pegaſus,  Equulens, Dolphin, Sa- 


terwards added the Conſtellations of Antinons 
Made out of the unformed ones near Aquila, be- 
een it and Capricorn and Sagittary, and of 
lima Berenices out of the unformed ones near 
de Lyon Tail. Ptolemy makes Antincus belong 
b Aquila, and Equuleus tO Pegaſus. On the 
Wuthern part of the Zodiac there are 15 Con- 
Ellations.known to the Ancients, namely Cetas, 
Indanus, Lepus, Orion, the Great Dog, the Little 


Wntaur, Lupus, Ara, the Southern Crown, and Piſces 
nul. 

To theſe are lately added 12 Conſtellations, 
Kt are inviſible to us, beingnear the Southpole, 
unely the Phenix, Grus, Pavo, Indus, Apus, South 
Iriangle, Muſca, Chameleon, Piſcis volans, Toucan, 
* Anſer Americanus, Hydrus, Xiphias or Dorado. 

U 2 There 
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due, Aquila, Serpentarius, Serpent. To theſe were 


the, the Ship Argo, Hydra, the Cup, Corvus, ths 
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There are ſome other Stars, which are not with. 
in the compaſs of the Images deſcribed, or re. 
ducible to them, theſe therefore they call tp 
firmed ; and out of theſe, ſome of the more con. 
ſiderable Obſervers of the Fix'd Stars, make noy 
and then ſome new Conſtellations, and ging 
them proper names. Thus the Accurate Mr. EA 
mund Halley,” who” firſt of all obſerved with ex. 
actneſs the Stars near the South Pole, while he 
Was at St. Helena, has taken this liberty, in form 
ing a new Conſtellation into the Image of 
Oak, out of the unformed Stars that lie between 
the Ship Argo and the Centaur, and conſecrated 
it under the name of Robur Carolinum, or 1 
Royal 'Oak, tranſlated into the Heavens in per 
petual memory of the Preſervation of Rig 
Charles II. inthe hollow thereof. Thus Bartſch 
an his Globe of four foot diameter, has two other 
new Conſtellations, the Camelopard, and the M 
noceros, that Hevelius retains. _ 
But Hevelius himſelf has gone farther in thi 
matter, and has made up more new Conſtela 
tions out of the unformed ones, than any of tht 
Moderns beſides, as is evident from his Firme 
ment; where he has plac'd Leo minor betwet 
Leo andUrſa major, and Lynx between Urſa ma 
jor and Auriga above Gemini; the Canes Ve 
Tici after Urſa major and under its Tail; ſo dis 
what to Tycho was an unform'd Star betwee! 
the Tails of Helice and Leo (afterwards calldC 
Caroli by the Engliſh,) by Hewelius is ſaid tot 
in Annulo Armillæ Cbaræ, or Collar of Chara; th 
Lacerta or Stillio between Andromeda and Cyg 
nus; the Sextans Uraniæ between Leo and H 
dra; Seutum Sobieſciannum between Aquila alt 
'Serpentarius ; Vulpecula cum Anſere, betweel 
Aquila and Lyra under Cygnus; Triangulm m 
nus between Triangulum Boreale and the He 


7 * * 


of Aries, He has altered ſome of the ancient 
Conſtellations a little, and added others to them; 
lese has armed Antinous with a Bow and Arrow, 
Us who was before unarmed, and placed Cerberus 
on. above the bending of Hereules's left Arm, and 
ih Mos Menalus under the feet of Bootes. The 
Conſtellations are ſet in the places deſcribed, as 
acontinuation/of the ancient Fables of the ad- 
icent Conſtellations, leſt he ſhould break too 
nuch in upon or diſorder the Rules and Judg- 
ments of the Aſtrologers, or to perpetuate the 
wemory of ſome noble Action. 
Others again are for giving the Stars new 
Names, ſuch as are Chriſtian ones; a ſpecimen 
of this we have in the Venerable Bede in the 
Sons of the Zodiac; and Julius Schillerus has 
wntinu'd in his Cælum Stellatum, or Starry Hea- 
jen, publiſhed in the Year x627. This deſign 
ws been very juſtly diſapproved of by Coperni- 
as, Tycho, and Hevelins in his Firmament, and o- 
ther Aſtronomers, who think the ancient names 
whe to be retained, for fear of confuſion, 
nd by degrees loſing the Ancient Aſtronomy. 
tor by this method, which has been 'conveyed 
donn to us from the original of Aſtronomy, 
we obtain what was of the greateſt importance 
mthis matter; namely (as Copernicus ſays) that 
va a multitude of Stars might be diſtinguiſhed 
Wo parts, and that theſe may have ſome names to 
apeſs them by. | 
The Via Lactea, or Milly Way, comes under this 
' head of Conſtellations ; for the preſent Age has 
+ "Wound it to be a collection of innumerable little 
fixd Stars, as ſome of the Ancients believed, as 
Mazilizs informs us: Tis a broad Circle white 
Ike Milk, compaſſing the whole Heavens; ſome- 
mes in a double, but generally a ſingle path, 
falling thro' Caſſiopeia, Perſeus, Auriga, the 
U z Fee: 
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Feet of Gemini, Orion's Clubz the fore part of 
Monoceros, the Tail of Canis Major, Argo 
Navis, Robur Carolinum, Crux and feet of tho 
Centaur; after which, it is divided into two 
parts, over againſt Ara; its Eaſtern part paſly 
thro Ara, the extremity of the Tail of Scorpio 
the Eaſtern foot of Serpentatius, the Boy 
of Sagittarius, Scutum Sobieſcianum, the fee 
of Antinous and Oygnus, where its greateſt 

t joins the other; But the Weſtern part paſ. 
es thro the former part of the Tail of Scorpio, 
the Right of Serpentarius and Cygnus; and 


EFSEE LW 


FS 


FEES 


ma 
ends its counſe in Caſſiopeia, where Manu nnd 
begins the deſcription of it. There are other fac; 
lelfer diviſions of the Galaxy, the which may be can 
ſeen in Hevelius's Firmament. There are allo Ob 
two Nubecula ſomewhat reſembling the Milky to 
Way, ſituated near the South Pole, inviſible iu giv 
Europe, and called by Sailors, the Magellan of 
Clonds, are exactly like the whiteneſs of the GW of: 
lazy, as Mr. Halley aſſures us; and being view dl Sur 
by a Teleſcope, they preſent us here and ther is; 
with little Nebulæ, and ſmall Stars. The greater is 
f theſe two is ſituated between Hydrus and Th 
ts the leſs between Anſer Americanus or in: 
Toucan and Hydrus. _— Cl 
4 n the 
| | PROPOSITION XXIII. thi 
T HE Theory of the Sun and a Pendulum Chi 
being given, to determine the Right Aſcenſum Ml Inc 

the Fix d Stars by obſervation. ©  _ Win 
Having explained the difference of the Fix i M 


Stars, as well on the account of their apparent] lef 
magnitude, as of the figure of the Conſtell- d 

tions, into which they are commonly divided wi 

What remains is to ſhew the method of detef- ho 

mining the Place of any of them, in regard off th 

the Circles of the Sphere, whoſe muten 3 C0 
8 | e 
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$of Ml been determined before, and firſt in regard of 


go de Equator; for which purpoſe, we haveſhewn 
the — obſerve the Declination of any —— of 
em in Prop. 18; it remains therefore that we 
find the Right Aſcenſion: But, becauſe the be- 
inning of the Equator, from whence the Right 
ſion of the Stars is reckoned, is its inter- 
ion with the Ecliptic; in which, though the 
zun de found once a Year, viz. in the begin- 
ging of our Spring, yet it preſently dęparts 
om thence, and leaves tliat point obſcuie or 
marked out by no appearance that may come 
nder the cognizance of our Senſes; and laſtly, 


an't be immediately deduced from thence by 
Obſervation ; ſome Phznomenon therefore is 
tobe pitched upon, whoſe Right Aſcenſion is 
given every moment, that the Right Aſcenſions 
of the others may be obſerved from this. And 
of all others, the fitteſt for this purpoſe is the 
dun, becauſe-its motion is the moſt ſimple, and 
Right Aſcenſion is quickly found, by Prop.20, 
is place in the Ecliptic being given. If its 
Theory therefore be given, that is, if its place 
in the Ecliptic at a given time be given, and a 
Cock alſo: whoſe Index moves round equably, 
the Right Aſcenſions of the Fix d Stars may be 
tus obſer rel. | 

"Firſt, let the Clock be order'd fo, as that the 
Index may go over the 24 Hours, during the 
ime that any Fix'd Star, departing from the 
Meridian, returns to it again, which is a little 
en less than a natural Day. Let the Index of a 
41 Clock thus order'd, be ſet to twelve a Clock, 
(el; BY when the Sun is in the Meridian, and let the 
ter. hour the Index points at, be taken notice of, that 
dei the fx d Star whoſe Right Aſcenſion is ſought, 
bas comes to the Meridian at. Let theſe hours and 
een | U 4 Parts 


fich an one as that the Aſcenſions of the Stars 
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parts be turn 'd into degrees of the Equator and 
their parts, as was ſhewn before: And you jwill 


WFT 


have the difference between the Right Aſcenſ. Ml + 

ons of the Fix'd Star and the Sun; this added Ml of 

© to the Right Aſcenſion of the Sun, gives the Ml of 
Right Aſcenſion of the Fixed Star ſought. CP 

If in the Clock fitted to the diurnal Motion of Ml Tri 

a Fix'd'Star, inſtead of the 24 Hours, there 2e yle 

| placed 360 Degrees, and their  Sexageſlimal vit 
| parts, and if while the Sun is in the Meridian, Bll gh 
| the Index be placed to the number of : Degrees Ml the 
and Minutes, the Right Aſcenſion of the Sun I 

then conſiſts of; it will then point at the _ ſta 

Aſcenſion of the Fix'd Star, without any far, es 

3% ther reduction, whenever it arrives at the Mes Wil md 
| ; ridian, 7s | Maine rn 25 wh 
e N Me 816/45 en AID B33, - -: (of, 
 ProPosITION XXIV. Mc 


FJ" HE Detlitation and Right Aſcenſion of m 
Star, and the Declination off another tage- 


ther with "their Diffance being given, to find the J 
Right” Aſcenſion of the latter; and vice verſa, tv 
| find the Diſtance of to Stars, whoſe Right Aſt Wl ® 
| ons and Deelinations are given. 
Let E © repreſent the Equator, [ Hg. 8. ] whole ſid 
Pole is P; and the Stars A and B,; whoſe Decli- Wl ® 
nations CA, DB being given, their Comple- Wa 
ments aiſo are given, or the diſtances from tho (a 
Pole, namely A, PB, and by ſuppoſition, Wl de 
the Diſtance AB of the Stars is given. Where- la 
fore in the Triangle 4 PB, the Sides being gi- * 
ven, the Angle AB will be found, and conſe- 
quently its meaſure the Arc CD; namely the Mo 
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difference of the Right Aſcenſions of the Stars 


A and B, which therefore added to, or ſubtta- I fe 

cted from the Right Aſcenſion given of one of ha 

them, (according as the Circle of Declination I * * 

paſſing thro" this, is to the Eaſt or the Welt f 
5 * * 25 : t 
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the Circle of Declination paſſing thro' that,) 
gives che Right Aſcenſion ſought of the other. 
And on the contrary, the Right Aſcenſions 
of the Stars A and B being given, the difference 
them C D is alſo given; that is, the Angle 
CPB, whoſe meaſure that Arc is: And in the 
Triangle APB, the Sides PA, PB, the Com- 
plements. of the given Declinations, together 
with the Angle AP B contained are given; the 
gther Angles will conſequently be found, and 
the Side A B the diſtance of the Stars ſought. 
After the like manner you may find the Di- 
ſince computed in a great Circle of two pla- 
en the Surface of the Earth, whoſe Longi- 
mdes and Latitudes are given, and the Angles 
which that great Circle (which anſwers the 
common Celeſtial Azimuth) makes with both 


>. 


PRO POSITION XXV. | 
| determine by Obſervation the Right Aſcenſion 
of -a- given Star, by a Phanomenon viſible hy 
4 and night. Lain | | 
Let the Declination of the Phænomenon vi- 
tie by day and night, be obſerv'd (by Prop. 18. 
d the diſtance as well from the Sun as from a 
war; the latter in the night, the former in the 
. From the Declination of the Phznome- 
don, the Diſtance from the Sun, and the Sun's 
luce, the Right Aſcenſion may be deduced, by 
de preceding; from that and the Declination 
of the ſame being obſerved, together with the 
Declination of the Star and Diſtance from the 
bhænomenon being obſerved, the Rignt Aſcen- 
ſon of the Star ſought may after the ſame 
Manner be found. 2.E.F 
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parts be turn d into degrees of the Equator and 
their parts, as was ſhewn before: And you jvill 
have the difference between the Right Aſcenſi. 


T 


2 


ons of the Fix d Star and the Sun; this added Il of 

4 to the Right Aſcenſion of the Sun, gives the Ml of 

Right Aſcenſion of the Fixed Star ſought. ' Mc? 

| If in the Clock fitted to the diurnal Motion of Ml Tri 

| a Fix d Star, inſtead of the 24 Hours, there ae ll ple 

| placed 360 Degrees, and their Sexageſſinal IM wit 

q parts, and if whileithe Sun is in the Meridian, Wl oh 

} the Index be placed to the number of : Degrees Ml the 

and Minutes, the Right Aſcenſion of the Sun WI 

then conſiſts of; it will then point at the Right Wl #41 

Aſcenſion of the Fix'd Star, without any tars Will os 

| ther reduction, whenever it arrives at the Mes Wl md 

I ridian. 8 ue ee ee po wh 

e $44.23 Wann een +2 . +5 WRT con 

Y Cab PROPOSITION XXIV. Wk 

1 JF" HE Declination and Right Aſcenſion of om Wl 
= 1 Star, and the Declination of another wt 

4 ther with "their Diſtance being | given,” to find the ] 
Right” Aſcenſion of the latter; and vice verſa, to 

| find the Diſtance of two Stars, whoſe Right After Ml @ 

= ons and Declinations are given. ee l 

| | Let E. © repreſent: the Equator, { fg. 8. I whoſe Wil 

—_ Pole is P; ant the Stars A and B; whoſe Decli- Wil ® 

| nations CA, DB being given, their Comple- Na 

ments aiſo are given, or the diſtances from tho (a 

Pole, namely A, PB, and by ſuppoſition, Wl 0. 

the Diſtance AB of the Stars is given. Where- th 

fore in the Triangle A PB, the Sides being gi- * 

ven, the Angle AB will be found, and conſe- 

quently its meaſure the Arc C; namely the Mo 


difference of the Right Aſcenſions of the Stars 


A and B, which'therefore added to, or ſubtra- hor 
Red from the Right Aſcenſion given of one of a 
them, (according as the Circle of Declination IN * * 
paſſing thro" this, is to the Eaſt or the Welt + 
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nd dhe Circle of Declination paſling thro' that,) 
ri I gires the Right Aſcenſion ſought of the other. 
iſs And on the contrary, the Right Aſcenſions 
ed of che Stars A and B being given, the difference 
the ef them C D is alſo given; that is, the Angle 
esp, whoſe meaſure that Arc is: And in the 
.of Wl Triangle APB, the Sides PA, PB, the Com- 
ue jlements. of the given Declinations, together 
al ich the Angle AP B contained are given; the 
in; cher Angles will conſequently be found, and 
ces WY the Side 4 B the diſtance of the Stars ſought. 


un After the like manner you may find the Di- 
he WY tance computed in a great Circle of two pla- 
e esan the Surface of the Earth, whoſe Longi- 
le. andes and Latitudes are given, and the Angles 
dich chat great Circle (which anſwers the 
common Celeſtial Azimuth) makes with both 


# ,ProPOsITION: XXV. 
Po determine by Obſervation the Right Aſcenſion 
of - 4. given Star, by a Phenomenon viſible by 
by and night. A | 
Let the Declination of the Phenomenon vi- 
de by day and night, be obſerv'd (by Prop. 18. 
andthe diſtance as well from the Sun as from a 
war; the latter in the night, the former in the 
. From the Declination of the Phznome- 
on, don, the Diſtance from the Sun, and the Sun's 
ne- ace; the Right Aſcenſion may be deduced, by 
g. be preceding; from that and the Declination 
fe. ef the fame being obſerved, together with the 
the Peclination of the Star and Diſtance from the 
cars Fhænomenon being obſerved, the Rignt Aſcen- 
tra- ſon of the Star ſought may after the ſame 
of hanner be found. 2. E. F. | 
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The Ancients, who had not an accurate 
meaſure of Time, (ſuch as Prop. 2 3. requires, their 
Hourglaſſes, the inſtruments they made uſe of 
being too fallacious,) fought after the places of 
the Fix'd Stars by the Moon, taking the diſtance 
of the Moon from the Sun, computed accor- 
ding to the Equator or Ecliptic a days, and the 
diſtance of a Star from the Moon a night, 
from whence they concluded upon the diſtance 

between the Star and the Sun, and conſequenth 
(by che Sun's Theory) the diſtance of the Star 
from the beginning of the Ecliptic.: WO 
Phe — inſtead of the Moon uſe 
Venus, becauſe its Diameter being lefs will 
make the error leſs in obſerving the diſtance: 
and becauſe the Moon's place comes often to 
be obſerved by the places of the Fix'd Stars 
firſt corrected, that its Theory may be correded, | 
which is not as yet accurate, eſpecially about 
the Quadratures, which was the times that the 
Ancients made theſe Obſervations in; and alſo 
becauſe the Motion of Venus is neither fo 
ſwift, nor ſo-uncertain. Therefore it will be 
beſt to obſerve Venus in its greateſt Elongation 
from the Sun, when its Motion is nearly equal 
to that of the Sun; and when by reaſon of 
their Elevation the Sun and Venus are leaſt ob- 
noxious to Refraction. In making theſe Obſer- 
vations ſpecial" care muſt be taken to repeat 
them, as well when Venus is to the Eaſt of the 
Sun as when it is to the Weſt; fo that by thele 
different Obſervations conſpiring to determine 


the ſame place of the Fix d Star, the true place 

may be at laſt certainly had. Ricciolus 1s for 

uſing Sirius inſtead of Venus, which, as he ſays, 

ſhines ſo bright as about the Equinoxes is viſible 

above eight minutes before Sun-ſer in Merch, 20 
t 


D , y tt aSSpM},A 


” * 


ok H. of ASTRONOMY. 299 


aker Sun-riſe in September. But both Regulus and 
turnt have been obſerved by the naked Eye 
in the Meridian, while the Sun ſhone, by the 
Aſtronomers of the French Royal Academy of 
Sciences, even when the Sun was elevated above 
the uncertain Limits of Refraction: Which may 
e done every day in any of the brighter Fix d 
Stars by the help of the Teleſcope. f 


ennie. | Te. + 3 BY ko) Wo 8 30 en 

PROPOSITION NV... 
HE Height of the Pole, Hour from Noon, and 
Place of the'Suwheing given, i heſides, the 
Aude and Azimuth. of à Star he known by Ob. 
if WY frvation, to find the Right Aſcenſion and Declination 

r et 
2. - Let PZHO repreſent the Meridian; [ fe. 9.] 
o 40 the Horizon, whoſe Pole is the Zenith Z; 
a1 A the Equator, whoſe Pole is P; & the Star, 
ed, e Which we; are ta imagine the Vertical 
ut Circle Z S 4, and Circle of Declination PSR 
he i be drawn. In the Triangle SZ P, there are 
o gen the Side Z P, the Complement of the 
ſo e Eevation of the Pole OP, the Side Z 5, the 
be Complement of the Altitude of the Star 8 4; 
ion dad che Angle SZ P, that the Arc 40, given 
zun the Azimuth, meaſures; therefore the Side 
10s, the Complement of the Arc RS, of the 
ob- WM Declination of the Star ſought is found; as alſo 
fer- che Angle Z P'S, and conſequently its Meaſure, * 
peat i namely the Arc ER. But the Hour of the 
che WI Day being given, the Arc of the Equator in- 
heſe WI #rcepted between the Meridian and Circle of 
nine Wl Declination, drawn'thro' the Sun, is alſo given, 
Jace WW conſequently the ſum and difference of the 
for Siren Arcs are given. But this ſum, if the Sun 
ſays, and Star be on different ſides of the Meridian 
ſible or difference, if on the ſame, is the difference 
and ef the Right Aſcenſions of the Sun and — 
Wi; TY ad 
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-plement PS; and (by Prop. 23 or 25) EA the 


And the Sun's Place being given, its Right 
Aſcenſion (by Prop. 20.) is given ; conſequene] 
the Righe Aſcenſion of the Star ſought is all 
become known. | - © | 
FA ProPosITION XXVII. | F 
TO. find the Longitude and Latitude of a givn r 
Star. wy 21 n 18 
In Figure ro, let E & repreſent the Equator, 
whoſe Pole is P; EC the Ecliptic, whoſe Polg 
is B; the Point E the common interſection of 
theſe Circles, the beginning of V or A & the 
given Star, thro which the Secondaries BST, 
PSA, of the Ecliptic and Equator are to be 
imagined to paſs. And the great Circle PB 
connecting the Poles is the Colure of the So 
ſtices. Let A'S the Declination of the Star be 
found (by Prop. 18,) then you will have its Com- 


Right Aſcenſion of the Star (at leaſt from the 
given Aſcenſion, the Right Aſcenſion E A will 
be given,) from whence you will have its Com- 
pliment 24, and the Angle PA, whoſe mea- 
ſure it is. Therefore in the Triangle B PS, there 
are given the Side P $ and the Side P B, namely 

the diſtance of the Poles of the Equator and 
Ecliptic equal to the Obliquity of the latter, 
together with BPS, the Angle contained by 
them; the Side BS therefore is known, and con- 
ſequently its Complement S L, the Latitude of WM e 
the Star ſought. The Angle PBS alſo will I c 
be found, or CBL the next to it, and its mea- 


ſure the Arc C L, and therefore its Complement 5 
LE. But this Arc either is the Longitude itſelf, 8 
which is ſought, or its Complement to one, By n 


two, three or four Quadrants. a 
In like manner, by the ſituation of a Stat 
in reſpec of the Ecliptic being given, its ſitu 


tion, 
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tioti, in regard of the Equator will be deter- 
mined. 3 


Pxorosir1oR XXVII. 
HE Innpitude and Latitude of two Stars, and 
' the Diſtance of the third from both being 


wen, ro find the Place of that third. | 
Let CED (in fg. 11.) repreſent the Ecliptic, 
whoſe Pole is P; A and B the Stars, whoſe Lon- 
gitude and Latitude are given, thro' which let 
the Circles of Latitude PAC, PB D be ima- 
gined to be drawn: The Arc of the Ecliptic 
CD is the meaſure of the Angle CP D, con- 
tained under them, the difference of the given 
Longitudes, and conſequently is given. In the 
Triangle AP B, the Sides PA, PB, the Com- 
flements of the Latitudes C4, DB, and the 
Angle 4 PB, being given, the Side A B, and 
Angle PBA will be found. Again, in the Tri- 
weles ASB, all the Sides being given, namely 
$4, S B, the diſtances of the Star S from the 
two Stars A and B being given, and AB be- 
ty firft found, the Angle ABS will be found, 
and conſequently S B P, the difference of this 
and PBA found before : And laſtly, in the Tri- 
angle SBP, two Sides BP, BS, with the 
Angle SBP contained between them, being 
given, PS will be found, and conſequently 
ts Complement ES, namely the Latitude 
of the Star S; and the Angle BPS, and its 
lure DE, namely the difference of the Lon- 
ptudes of the Stars B and S, to be added 
to the Longitude of the Star B, that the Lon- 
gitude of the Star S may be had, if PS E be 
more to the Eaſt than PB D; but to be ſubtra- 
&d, if more to the Weſt. There are other 
cales of this Problem, according to the vari- 


ous 


thar'is, if their Right Aſeenſions and Decling. 


„ 
* 
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ous: ſituation of the points A and &, but chey 
are ſolved after the ſame manner. 12 

And after the ſame manner, if the ſituation 
of the Stars A and B in reſpect of any other 
Circle, for inſtance the Equator, be given; 


tions, and Diſtance of the third from both be 
given; the ſituation of it, in regard of that 
Cirele, will alſo be given. And: theſe things 
ate done on the Earth after the like manner. 

if | PROPUSITTON XXIX. 1 | 

* deſcribe the mei bod of making a Catalyw 
1 be Fr d Stars; and to give an account of 
the chief Per/ons who have done ſo, and the metal 
they uſed ; and to make a Celeſtial Globe. 
Let every ſingle Star of a Gonſtellation be de 
ſcribed in urder, according to the place it ha 
in the Conſtellation; and over againſt each ſe 
down the Longitude and Latitude thereof, 
found by Prop. 27, and then annex its Magni- 
tude. If there be ſeveral Stars in the ſame part 
of the Conſtellation, (for inſtance, .in the had 
or the hand) let them in the deſcription be d. 
ſtinguiſned into Northern and Southern, and 
into ſuch as precede, are in the middle or fol 
low; where ſuch'as are ſituated toward the Welt 
are ſaid, by ſuch as follow Prolemy, to precede; 
or ſuch. as poſſeſs the preceding parts of thi 
Zodiac, i. e. nearer to tlie beginning of Aries 
that is, ſuch as precede in the Diurnal motion: 
They are alſo diſtinguiſned by ſome by the Let 
ters of the Alphabet annex d. If there be any 
remarkable Star in the Conſtellation, which ha 


a peculiar name, this name alſo is put down; 
as Arcturus in Bootes, Regulus in Leo, Siu 
in the Great Dog, &c. After the Stars propel 
to each Conſtellation, the unformed Stars _ 


303 
ate annexed, deſcribed after the like man- 
ter by the nearneſs of this or that part (about 
on which they ftand,) together with their Longi- 
ler de, Latitude ard Magnitude. [ ' 

be firſt that attempted to reduce all the Fix- 


n 

u. Nel Stars into a Catalogue, and determine their 
be aaces, was Hipparchus of Rhodes, About 120 Years 
lat before Chr iſt, who, in P linys judgment, dared 
% thing that God himſelf did not approve of, ro 
all the number of the Stars for Pofterity, awd reiluce 
th ro a Standard. Tho' tis certain from Pro- 
m that Tymochzris and Ariſtyllus left ſeveral 
olervations about this matter, made 180 Years 
before 'Hipparebus.\ Menelaus alſo the Geometris> 
can, in the firſt Year of Trajan, obſerved fone 
ace places of che Fix'd Stars at Rome. After 
de. ee, Claudius Prolemy, about the 140th Year of 
hs Cbriſt, began to obſerve and commit to Wri- 
ſs ang, ſome things about the progreſs of the 
of, Wfired Stars in conſequentia; the Catalogue of =_ 
m. obs, which riſes to 1026 Fix'd being ftill r 
are ned in regard of the place as to Longitude 
cal Wind Latitude; nor have we any Obſervations 
derte Ancients beſides theſe, which are dehver- 
and el to us by Ptolemy. Albategnius the Syrian has 
fol- one the ſame about the 880th Year after 
Griſt : For in the Book that he has given the 
title of the Science of rhe Stars, Chap. 52. Pag. 
22, he ſays that he has added 11 degrees and 
mit and a third part to the places in which he 
bund them to be deſcribed in Prolemys Book. 
Le- ker neither the Perſſan nor Alpbonſine Aſtrono- 
an) Wis, nor Copernicus, who is later than any of 
\ has chem, obſerved all the Fix'd Stars, but reſted 
vn; N ſisted with the Catalogue of Hipparchus, only 
adding in the reſpective Catalogues the portion 
0 the Motion, which was made in the mean 
While from them all; of which we ſhall ſpeak 
here 
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hereafter. ernicus reckons the Longitudes , 
all the Stars ee preceding of = in 8 abſ 
| . Ram's Horn, which he calls the Fir/t of all, and 
We: which, by conſequence, are the ſame in al 
Ages, tho the Longitude of this firſt Star from 
the Equinoctial point continually increaſes, 
All theſe Aſtronomers in the determining the 
Places of the Fix d Stars, for the moſt pare, 
made uſe of an Armillary Sphere, or a part of 
it, (which they called an Aſtrolabe.) Its de. 
ſcription may be ſeen in Chap. 1. Book x. of il. 
Great Conſtruction. This Inſtrument being fitted 
to the Latitude of the Place and the Cardinal 
ee of the World, they placed the Armillz ot 
oop repreſenting the Ecliptic, in the day time, 
by the help of the duns Rays, (whoſe place they 
knew by the Theory of it,) in ſuch a ſituations 
the Ecliptichad then, in regard of that Horizon; 


then they obſerved the place of the Moon in 
the Ecliptic, by the help of a movable Circle of i # 
Latitude in the Aſtrolabe. The next Night, Wi l 
by the help of the Moon, (whoſe place founl WW N 
before, they corrected according to its mot ** 
on performed in the mean while,) they placed (ec 
this Zodiacal Armilla in ſuch a ſituation as wu 
agreeable to the preſent moment of time, {4 Na 
before they had done by the mediation of tie 
Sun; ) thus they obſerved the Longitude of 100 
each Star reckon d according to the Ecliptic, x d 
they had before obſerved in the day time the 
Longitude of the Moon (looking along the Ho 
moveable Circle of Latitude, ) and its Latitude 
oy the help of a moveable Sight in the ſaid Ci. ** 
cle. You may ſee this method of Obſerving, iſh *" 
fully deſcribed in Chap. 4. Book 7. of the Gre 10 


Conſtruction of Ptolemy, and in Chap. 14. B. 2. f 


Copernic. of the Revolut. % 
Tho 


in of Asrxonoity, ' 305. 
; of Tho the "Ancients thought the Moon was 


the Ml abſolutely neceſſary to determine the places of 
ang che Stars in reſpect of the Equinoctial and 
al 
Om 


olſticial points, and together with theſe the 

moſt ſagacious Copernicus, Chap. 14. B. 2. ſays' 

tus: ge 2 her there would be wy 

awprebend the 'Praces of the Stars, becauſe ſhe 4 
— ugh them all partakes of Day and id 
or endan, in a, Book, which he entitles Sapple- 
de. num Almanack, (after he had told us that the 
rd Stars were to be compared with the Moon 
ted during a Lunar Eclipſe, becauſe the Moon's 
Place in reſpect of che Sun, is at ſuch a time beſt 
known, becauſe oppoſite to: the Sun's,) very 
happily ſubſtitutes Venus iaſtead of the Moon 
in this affair, becauſe ſhe is both a day and 4 
night Star, and has ſome other advantages; 
nention'd in the Schol. of Prop. 7 
The next after Hipparchus, that obſerved the 
Fixed Stars themſelves a:new; was Ulugh Beigh, 
the Grandſon of Tamerlane the Great. He ſays 
the Preface, that he obſerved all that could 
te obſerved, beſides 27 in the South. This Prince 
led about 1449, and ſet down in his Catalogue 
(tranflated- into Latin by Mr. Tho. Hyde) the 
ars places for the Lear of Chtift 1437. 
At length in the 16 entury appear'd theAr= 
of that Age, the immortal Tycho Br. he, who by 
indefatigable labour and pains obſerved a-freſh 
all the Fix d Stars that are eaſily ſeen above the 
Horizon of Uraniburgh. And at the fame time 
| Wiliam the moft illuſtrious: Lændgrave of Heſſe, 
Ci Attempted:the ſame great Work at Caſſel, and 
ing, With his Mathemat:icians Rothman and Byrgias, 
ren Continued in it for above 30 Years. He fought 
2. F for the Longitude and Latitude of the Fix d 

Stars by Calculation, from the Right Aſcenſion 

and Declination firſt obſerved by the method in 
Tho X Pr op- 


1 


Ch. of the 5 yet never ſucceeded 
es. B 


Prop: 27 as Tycho aſſures us in Chap, 2. Part l. 
Progymn. pag. 147 ; tho he does not intirely ap- 
ove of it, becauſe ef the difficulty of reckon. 

the time exactly from Noon, which tho 
ren times tried by himſelf, by making Clocks, 
and other ways deſeribed in the before quoted 


according to his wi ut tho the Obſervati. 
ons of the Prince don't extend to above 400 
Fix d Stars, and wete made by ſmaller Inſtiu- 
ments, yet Hewelrus.in Prod. Afro. prefers them 
to the labours of Tycho himſelf, becauſe in his 
Opinion, the Prince and his Obſervers uſed 
more diligence than Tycho and his fellow Ob- 
ſervers. The Prince afrerwards performed this 
buſineſs by the help of Venus; but Tycho, tho 
in pag. 146. B. 1. Progymnaſm. he charges Card 
with an error an ſettling the place of the more 
Southern and Bright Star of the Scales of Libr 
by Venus, greater than it is in the Alpboyfme 
Tables; nevertheleſs confeſſes, that it aroſe 
from hence, that the fituation of Venus was not 
at that time well determined * Number 
And he himſelf uſes Venus for the ſame purpoſe, 
after the manner deſcribed in Prop. 25. Inſtead 
of a Zodiacal Armilla uſed by the Ancients in 
obſerving the different Longitudes of the Fix 
Stars and their Latitudes, Tycho for very gool 
reaſons, ſubſtituted the Equatorial Armills; 
by which he might. obſerve the: differences ol 
the Right Aſeenſions and the declinations out 
of the Meridian, the Meridian Altitude being 
always made uſe of to confirm the others. 

the other cautions which this moſt diligent Ob- . 
ſerver took in this Affair, may be ſeen in Chap. 2. fu 
B. 2. Progymn. The Places of ſome of the Fix! 
Stars being once laid down, found by the me- 6, 
thods already delivered, he determined the 1 by 


EEE © 


ok H. of AsTRONOMY. 30 
ces of the otherStars which were near the Eclip« 
tic or Fquator, after the manner related inProp.24. 
zu, He ſought the Right Aſcenſion of any unknown 
ho ar by two, whoſe places were already verified, 
and if che Right Aſcenſions of the ſame Star 
11 thus found, were a little different from one a- 
cl nother, he always took the mean for the true 
one without any heſitation : Afterwards from 
0 Wl the Right Aſcenſion and Declination of a Star 
he compured its Longitude and Latitude. As 
ber the Stars about the Poles he deduced them 
from the former by the the Praxis deſcribed in 
Prop. 28 ; tho he verified the Place thus found 
by obſerving its diſtance from a third Fix d Star 
0 firſt determined. And univerſally, he never 
" WY refed ſatisfied with the Place of a Fix d Star 
„ bermined only by one obſervation; but 
„ech of them by the methods deſcribed before, 
his Equatorial Armilla, and by the Praxis 
kid down in Prop. 23, making uſe of the beſt 
Clocks for meaſuring che time, Quickſilver and 
lad being Chymically reduced into powder, 
nd ſhewing the time by its running thro' a 
little hole; all which you may ſee accurately 

&{crib'd in the Progymnaſmata. | 
Tzcho's Catalogue of 777 Fix d Stars made with 
ſuch care and diligence. as this for the Year 
160d, and taken from the Heavens themſelves, 
itlaft came forth, in the Year 1610, in Afron. 
bifaur. Progymnaſm. And afterwards in the Year 
1627, copied into the Rudolphine Tables, and 
ajl increaſed by 223 Stars from ſome other obſer- 
b. ons of Hebo; fo that this Catalogue in the 
Rudolphine Tables riſes to the number of a thou- 
- +1 and Stars, Kepler has added a ſecond Claſs of 
ne- fixed Stars, that 7ycho left out of the ancient 
312 Catalogue of Hipparchus, repeated and corrected 
Ces by Prolemy, and calls _ Semi-Tychonic : Pa 
z ab- 
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ſubjoins a third containing 12 Celeſtial Images, 
which are inviſible in our Northern temperate 
Tone. Theſe he has put into his Catalc gue, 
being named by the Porrugneſe, and corrected by 
Peter Theodori. + Tis generally reported that theſe 
Southern Conſtellations were afterwards ob. 
ſerved: by one Frederick Houtman, a Dutchman, 
and the Celeſtial Globe f Bleau corrected accords 
ing to thoſe Obſervations. But rhe Celebratef 
Mr. Edmund Halley was the firſt that took that 
Pains about them as became an Aſtronomer) 
While he was at St. Helena, and publiſh'd a Ca 
talogue of 350 Southern Fix d Stars to the Year 
1677 compleat, which is a true Supplement to col 
Catalogue. He obſerv'd the Diſtances of the 
unknown Southern Stars from ſome of Thebo's 
and calculated their places from: the aſſumed 
places of ſome of the Tychonic:ones (by. Prep. 28, 
adding alſo the diſtances - themſeives, which he 
had objerveds!. Anina ine, 
The next after Tycho, that preſented the 
World with an intirè Catalogue of the Fd 
Stars of his own, was R. P. Ricciolus, in A 
Reform, Lib. 4. to the Lear of Chriſt 1700 com- 
pleat. But this Catalogue containing as many 
Stars as Tycho's, is taken from Jycbo's, excepting 
in 101 Stars, which are alt that he had obſer- 
ved in the Heavens! In the others, he recedes 
a little from Hebo, and it has copied Tycbvs 
manifeſt errors into his on, retaining at the 
ſame time ſome Stars as were really obſerved by 
Hebo, but were not viſible. in the time of 
Kicciolus, as Hevelius has obſerved in Prodr. Afr: 
p. 133. and the following 
-  Laft of all came out a Catalague of the Fix l 
Stars, by the Illuſtrious Fo. Hevellus of Dantzich 
containing 1888 in all; nameſy 95 known 
-by the Ancients, 603 which lie calls his own 
59! 4 K ecau 
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„ beczuſe they were determined by none before 
2 umſclf as they ſhould be by proper Inſtruments 
and the 335 of Mr. | Haley, inviſible in the Ho- 
V uon of Dantzick.' In che making of this he ſo- | 
e ena profeſſes that he had no regard to the 
b. Ncſervations of any Author, but entered upon 
„ ie work, as if chere were no Catalogue at all 
a being. Nay; he intirely laid aſide all other 
e undations, and compoſed a- new the Theory 
me Sun and Solar Tables, founded intirely 
c Wie his on obſcrvations. And laſtly, he 
2 Wiiccrely declares.that he has borrow'd nothing” 
ar any body, or put into his Catalogue the Place 
ase ſmalleſt Star, that he himſelf had not ob- 
ns Wuined by his different Diſtances and Meridian 
eine 20774 MOT? * 
Husliu drew up two ſuch Catalogues, the 
or larger, containing as well th- Longi- 
Mes and Latitudes, as the Right Aſcenſions 
u Declinations, to the Year of Chriſt 1660 
Qnpleat;;- co which are annexed the Places as 
Mongitude and Latitude, reduced to the ſame 
lar, of the Fix d Stars obſerv'd formerly by 
Thcho Brahe, the Prince of Heſſe, Ricciolus, Uluph 
bb and Prolemy; the ſecond or leſs, exhibiting 
le Places of the ſame: Fix d Stars as to Longi- 
ade and Latitude, to the Lear of Chriſt, 1500 
ompleat; to which he has annexed Mr. Hlley's. 
Walogue: of the Southern Stars, partly corrected 
Ito their Longitude, from obſervations at 
Latzick, and reduced to the ſame time: So 
iat the larger Catalogue preſents us at the ſame 
ume with the Catalogues of all his Predeceſ- 
ors; by which means it is evident at ſight, how . 
ar: the, obſervations. of them all, agree or diſ- 
gee. To theſe he ſubjoins a Table of the Right 
ion and Declination of ſeveral Fix d Stars 
n - 2:3) Aus. — 21 3 mn of teren“ 6 
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to the Years of Chriſt 1660 and 1760, with 
their differences for that hundred Years, * 
Zy the help of ſuch a Catalogue of the Pixd 
Stars as this, a Celeſtial Globe may be eaſily made 
For the Ecliptic and its Poles being marked ou 
* the ſurface of the Globe, let the placy 
of the Fix d Stars taken out of the C; 
logue be in like manner marked out according 
to their Longitude and Latitude in regard of 
2 Ecliptic, draw alſo the tract of the Mil 
Way, thro' the places of the Fix d Stars, thro 
which it paſſes ; and add the Equinoctial Cir 
cle; cutting the Ecliptic in the point aſſume 
for the beginning of the the reckoning, and thi 
oppoſies point, and duly inclined to it; 4 
alſo let the Polar Circles and Tropics, and th 
other neceſſaries be added; of which we han 
ſpoken before in Prop. 13. And to this ve 
purpoſe did Hevelius deſign his leſſer Catalogut 
and from hence did he deduce his Urangral 
or Tables of all the Stars drawn upon a Plant 
which was publiſh'd in theYear 1690,undertl 
Ti le of the Hrmament of Sobieski. For they dil 
fer no more from a Celeſtial Globe than Maj 
do from the Terreſtrial. Theſe Uranogriqbi 
Schemes of the Conſtellations are delineated i 
Plano, juſt as if the convex part of the Heaye 
were ſeen by us, as it is in the Artificial Globe 
as was uſual among ſuch as went before him 
and made Catalogues of the Fix'd Stars. 
ſays that Bayer, who in his Uranoinetyy attempt 
ed the contrary, thoughtleſly inverted all the Stu 
and that, by his Figures be did but diſorder 
hole buſineſs F the Heavens; and that, ab" 
Stars which are placed on the left band in the Glo 
appear on the right hand. 17 3 ll 
The making of a Celeſtial Globe by Heu 
ws Firmament is much eaſier, becauſe the Figul 
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vit the Conſtellations are very aptly delineated 
in it, together with the Milky Way, and its 
Wiſerent Streams as it were. But we: are to 
expz& the moſt ample Catalogue of the Fd 
as from Mr, Flamſteeds Obſervations, which 
re been contirned for ſeveral Years with this 
ate w, and made with large Inſtruments, and at 

je ſame time very fit for that purpoſG. 
PRO POSITION XXX. :&; VL 
"is give an account of ſome of the more remarł- 
22 


abli Changes as bave happen d among the Fix d 
$0 long ago as the Age of Hipperchus, a new 
ar appeared among the Fix d ones. And this, 
Fliny informs us,was the reaſon why Hipparchus 
won numbering the Fix d Stars for the uſe of Poſte- 
ty, and reducing them to ſome Rule, having invented 
me Inſtruments for obſerving the Places and Magni- 
Wes of euch; fo that it might eaſily be kniownby this, 
w nly herber they periſhed or bad a beginning, but 
ether any at all paſſed away or had any Motion; 
alſo whether they increaſed or decreaſed, the Hea- 
nr being leſt in common to them all. 

And tho Ricciolus reckons no leſs than fix 
ſew Stars between this and that famous one, 
wich appeared in Caſſiopeia in the Year 1572 ; 
ſet Rey wore x. ea obſerved at all, 
«by Perſons not over-skill'd, there hardly re- 
mins any thing to be ſaid of them. 8 
This new Star in Caſſopers, a rival to the 
Witecft in the Heavens, firſt appeared about 
tte beginning of November, in the Year 1572, 
ad continued until March in the Year 1574. 
hs, juſt as that of Hipparchus, was the occaſion 
of Tycho's obſerving the Fix d Stars again, with 
new and large Inſtruments; as he informs us 
Wrunſelf in the Progymnaſm. where he treats ex- 
rely of this Fix d Sta. TEES 
X 4 Ig 


— 


F «4 
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In Auguſt 1596, 6, David Fabricius diſcover i i 
f the 


New one o 34 magnitude in Cetus, which bot 
diſappeared abour two months after. lah 
In the Year 1600 2 New Star appeared in thel in 
breaſt-of Cygnus, firſt ſeen by others, but af te 
rerwards by Kepler himſelf, who has written aue 
Aſtronomical account about it. This continud i 
of the ſame magnitude vi. the 34 until the Year be 
1659, as Hewthus aſſures us; (who had <9 
ferved it Fever the Near 1638, with large Tz OM 
ſtruments,) but from the Vear 1650 it ſenſ by 
decreaſed; and about the latter end of 
Year 1661, „ iet intirely difappeared. Yet fre Na 
Tears after, namely in September 1666, Hevelig 1 
obſerv'd ic again With his naked. Eyes; of tee! 
or Sch magnitude, retaining the Tame place WW 
in the Heavens preciſely. lis 
In the Vear 1 604, about the Howinning of i io 
Ottober, a Neu Star was ſeen in the right Fo 
of Serpentarius, which appeared bigger chanW#* 
Jupiter and almoſt equal to Venus: It continu» 4 
ed d whole Year ; becauſe it was not ſcen al. 3 | 


ter October in 160. Concerning this Kepler has 
written a Book full of eee we Thy 
diſputess. © 
le was the Milky Way that: We Us 
with theſe three New Stars, namely in Caſfio 
peia, Cygnus, and Serpentarius; it has there 
fore on that account been called by ſome, the 
Find-of new Stars. ti TRI on 
There have been * other New: Star ob- 
ſerved; namely in the Vedt 1612. that in the 
belt of Andromeda, by .Simon' Marius, who is the 
Author of the World: of Fupiter, and another in Pr 
Antinqus by Faſtns Byrgius and others. of 
In the Lear 1638;' Fob Phocyllides Holuuarks un 
F of B-avequerioblerved: à New Stir in theWhale) I. 
ö neckof the z4 — AE bigger: 1 1 
N * 11ap* fo 
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diſappeared every Year, and then appear d, but 


nich pot always exactly at the ſame: time, (tho'Buk 


alas thinks otherwiſe,) and afterwards, was 
| the inviſible for four - Years, is fully evident, from 
t af Mithe Hiſtory of it written by  Hewelivs and an- 
1 an Faexed to his Mercury, and; from his Clizatteric 
aud ur. Mr. Caſſini has found by, Obſervation, that 
lea de fame Phaſes: of this Star raturn at the end 
cb. Woof 330 days; but ſo as that this return is ſome- 
In: Mitimes retarded or anticipated by 15 days. This 
ibly Star ſeems do be the ſame with that, which Fas 
che d obſerved in the Year 1612; for their 
fre Places are the ſame. + g 
e In the Lear 1670 in uh, Hevelius diſgovered 
the Wa New Star of the 3d magnitude under the 
ae Swan's head, and in his Catalogue reduces it to 
ii vulpecula; but it was leſſen d ſo much in a 
- off bort ſpace of time, that about the end of Au- 
ot 1671 it was intirely extinguiſned: But 
han exe. March it appeared again, at firſt like a ve- 
Y ſmall Star, but by degrees it increaſed to one 
the third magnitude, and afterwards. grew 
kk again ſenſibly as it did before; and in Sep- 
nber 1672, totally diſappeared, and was ſeen 
res Lor uri | 125% 

Not only New Fix d Stars now-a-days make 


lth and fourth magnitude, known by the An- 
dients and obſerved by Jycbo, have intirely va- 
niſned; inſtances: of which may be — 
ob: vet with in the Catalogue of Hevelius. He him+ 


the gelt mentions four in Prod. Afr. namely a Stag in 


the the left thigh of Aquarius, the contiguous. one 
er in preceding in the Tail of Capricorn, the ſecond 

che Belly of the Whale, ànd the firſt of the 
ard unformed ones after the Scales of Libra. 
ales There are alſo: other, Obſervations which have 
wh deen made about them by. the French Aſtrono- 
iſap- . mer 


their firſt appearance, but others of the ſixth, 
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mers. And even ſome conſiderable Fx d Stam of 
che firſt, ſecond and third magnitude are found 
to alter their brigheneſs and magnitude ſenfiby 
& is evident from the different ſentiments 0 
Authors about Stars of the firſt andſecond, or 
of the ſecond and third magnitude, That Poſte. 
fity- may be more capable of judging about the 
change of the more conſiderable Fix'd Stn, 
with greater eaſe and leſs miſtake ; H. velius in 
His Prodromus has drawn up ſeveral things tend. 
ing to that purpoſe obſerved by himſelf. 

I paſs over other chatiges in the Fix'd Star 
obſerved by the help of a Teleſcope, ſuch a; 
are thoſe ſaid'to be diſcovered” lately by M. 

Caſſmi ; namely that ſome, as for inftance, the 
firſt of Aries and the preceding head of Ge. 
mini, ſometimes appear divided each into tuo 
Equal to one another, and diſtant from one + 
Hother the length of the diameter of either of 
them; others, às ſome of the Pleiades and the 
middle in Orion's Sword, appear triple, nay 
quadruple ſometimes. For theſe Phænomena 

befides that they are not to be ſeen by the naked 
Eyes of which we only treat at preſent,) ſeem 
to have another original, and conſequently are 
to be conſidered in another place. g 


1 PROPOSITION XXXI. 
T O define the true preceſſion of the Equi 
Point, or the motion of the Fix d Stars in con- 
ſequentia; and to determine from 4 given Cata- 
lague of the Ni d Stars, the place of any Fix d Star 
e = ED 3s 
Hipparebus of old, as Ptolemy informs us, Ch. 1. 
Book 7. of the Great Conſtruction, from a comp# 
riſon which he made of his "own Obſervations 
with thoſe of Arifylus and ' Tymecharis, ſu- 
fpected that the Stars of the Zodiac had a mo- 
* tion 
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tion in conſequemia: But Ptolemy from a compa- 
tion of the Obſervations: of Hipparcbus and of 
others, witty his own, has expreſly aſſerted it of 
them all, and that it is made in Circles parallel 
to the Ecliptic; which he proves in ſeveral of 
the more conſiderable Fix d Stars, Chap. 2, and 
2, comparing their places in regard of the E- 
quator obferved by ſuch as lived before him and 
by himſelf. And he finds that this progreſſive 
motion is one degree in an hundred Years. 4k 
bategnius from the places of Regwius obſerved 
by Menel. us and himſolf, at the diſtance of 785 
Years, gathers in Chap. 52 of his Bool ＋ the 
Khowledge of the Stars, that the motion of the 
Fix d Stars is one degree in 66 Years. Ulugh 
Bagh, comparing his Obſervations with ſuch as 
were made a great number of Years. before, 
determines in the Preface to lis Tables, that the 
Fix d Stars move one degree in every ſeventy 
wlar Years. Later Aſtronomers comparing the 


Obſervations of the Ancients and Moderns, and 


the intermediate ones of Albategnius about this 
matter, find that this motion is equable, quick- 
e than Ptolemy believed, but flower than Alba 
henivs, and nearly the ſame with what Ulugh 
Beigh aſhgns, For Tycho in his Progymm. Book r. 


gathers, that it is one degree and 25' in a hun- 


dred Years; or 51” in one Year. Copernicus, tho 
he looked upon this motion to be unequal,made 
the mean to be, from the Obſervations of the 
Ancients. and his own compar'd, to be about 
1% 23, 40“. 12“ in 100 Years. Ricciolus makes 
t ſomething leſs, namely 19. 23“. 20”. in that 
ume, which Mr. Flamfteed retains: Street in his 

omia Carolina makes it ſtill leſs, as not a- 
bove 1%. 200%. Bullialdus in his Aſcronomia Philo- 
lic makes it 1». 24. 54” in 100 Years ; whilſt 
Hevelius lately in his Solar. Tab. in Prodrom. will 
lave it to be only 1. 24. 46”. 50. For 
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| For every Year therefore, forward from the 
the Year to which the Catalogue is fitted, add 
350“ (the middle round number) to the Lonęi. 

tte of the Fix d Star found by che Tah les, and 
you will have the Longitude ſought: The La 
tude in the mean while continues invariahle, Cor 
ſince both the Fix d Stars and the Eclipcic in the + 
Heavens are immovable, and only the Equator . 
(originally a Perreſtrial Circle) being looſend WM. + 
as it. were leaves its ancient ſeat. But for eve. 
ry ſingle Year, backwards in reſpect of che gi. 
yen Catalogue, ſubtract 50” from the Longitude 
in the Tables, if you would find the Longitude 
for ſuchia given time. But if the order. of the 
given Catalogue be: ſuch,. as that the Longi- 
tudes of each of the Fix d Stars are reckon'd 
from the firſt Star of Aries, (as it is in Copernjs 
eus Catalogue of the Fix d Stars, as alſo Claui. 
1s and of ſome annexed to the Caroline Tables) 
to the number of the Longitude in the Tables; 
(becauſe continuing always the ſame) add the 
Longitude of the firſt Star of Aries (which av 
the:ibeginning of the Year 1701, according to 
Hevelins is 29%; OO. 58”, and it is to be increa- 
ſed by 50“ every Year afterwards, but leſſened 
by as many for every Year before, as was ſaid 
before) for the time given, and you will have 
the Longitude ſought from the Vernal Equinox, 
caſting away 360 degr. if the ſum exceed 
that. But if che Right Aſcenſion and Decl. 
| nation at a ime given be required, what is pro- 
poſed may be done by che canverſe of Prop. 27 
from the Longitude and Latitude found for the 
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8 ECTION VI. | 
Concerning the reſolution of the more con- 


e fiderable Problems of the Firſt Motion by 
Calculation. Ak N 4 heres 
4 — | "F< Mey 


PROPOSITION XXXII. 


oh 1 

i No determine! by obſervation the difference of 
g I - the Meridians or Longitudes of tao. P laces gi. 
E 


ven upon the Surface of the Earth, and to m_" 
Caclogue of the moſt noted Places of the Earth, wit 
tir Latitudes and the Differences of their Meridi 


4 Wind ro make a Terreſtrial O lobe. 91 Taq 
„Let any inſtantaneous Phænomenon (as the 
is Winning or end of a Lunar Eclipſe, or of an 
,) Wecliple of any of Jupiter's Satellites,). be obſer- 
aby Obſervers in the given Places, noting 


te hour in both Places: The difference of the 
urs converted into an Arc of the Equator gives 
to e Difference of the Longitudes or Meridians 
buglit.” Andethat of the Places propoſed is 
more toward the Eaſt, that reckons more hours 
ner Noon; But if they reckon the ſame, they 


ve Ware under the ſame Meridian. For fince the 
eme moment of time has differing names as to 
ed te hour in theſe two Places, the Noons of 
li- ſe Places or any other hours of the ſame 


ume, will be as diſtant from one another, as 
ce different hours in the ſame Place; and 
onſequently the Arc of the Equator intercept- 
eberween the Meridians of the Places is Fht- 
Y found by allowing 15* for every hour. This 
terra} of Time is called the Difference of | the 
Heidi unt, appoſitely enough, becauſe it is fp 
whe Noon 13 
To In 
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In like manner, if a Clock that ſhews exacti the 
the hours at one of the Places be carried l 
the other, to be compared with another ſhewing Pol 
the hours there; the Difference of the hour 
reckoned by the Clocks, converted into an AMS 
of the Equator, gives the Difference of the Lon. MM 
gitudes fought : For thus, as in the former 
caſe, you know the interval between the hours |? 
reckoned at the ſame moment in the two Plz. 
ces. For the Clock, that is tranſported, i; ſwp-®* 
poſed to ſhew the hours after the ſame manger, 
as it would have done, had it continued in ig 
place. A” 5 
Io each of hy more _ places that ate 
into a Catalogue, add the Latitude 
755 to it, expreſſed by the ſame — Wor 
degrees ( by Prop. 7, as is the Altitude of the 
Pole obſerved there by Prop. 17. Add al 
in another column the Difference of the Mer 
Aians expreſſed by hours and their parts | found 
by what has been ſaid before of the Place pre 
poſed and of the Place aſſume d, together with 
the mark of Addition or Subtraction, according 
as the Meridian of the one lies to the Eaſt ori 
the Weſt of the Meridian of the other. e 
The Latitudes of the Places and the Differet 
ces of the Meridians being given, tis eaſy u 
make by them a Terreſtrial Globe: For the 
Poles and a great Circle upon them being 
drawn upon à Sphere made for that purpok 
which will repreſent the Pales of the Earth an 
the Equator, thro” the Poles draw a Circle is 
preſenting the Meridian of the Place (to whic 
che Meridians of the other Places in the Cat 
ogue are referred, and in at mark out a poll 
diſtant from this feigned Equator, as many d 
ees as there are in the Latitude of the Pla 
ſet down in the Table; and that k 
1 * t Ele 
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therefore repreſent the ſaid Place. Any other 
Pace is to be put in a Circle paſling thro' tha 
Poles, between which and the Meridians alrege 
dy ſettled, there are as many degrees of the 
kigned Equator (and that according as the ſe- 
cond Place is, cowards the Eaſt orWeſt,)as there 
uein the tabular difference of Longitudes found 
above ; and as many degrees from the feigned 
tquator towards either Pole, as there are in 
he tabular Latitude of that Place. In like man» 
ter, the, other more noted Places are to be 
tacked upon the ſurface of the Globe, The 
ermediate or leſs noted Places are ſupplied 
the common Chorography, and Itineraries, 
king uſe of the Latitude of ſome for corre; 
en; for this is more eaſily obſerved than the 
ifferenge of Longitude. The Globe being thus 
liſhed, either the Meridian of our own place, 
tany other paſſing thro' the Azores or any of 
& Fortunate Iflands, may be reckoned for the 
N; that is, the degrees of the Equator are ta 
krckoned from the interſection of it wich the 
w Meridian (or beginning) towards the Eaſt, 
en the other Circles and neceſſary appurte · 
unces deſcribed in Prop. 14+ are to be added ac- 
Nang co art. y 


PROPOSITION XXXVII. 


HE Elevation of the Pole, the Right Aſcenſm 
and Declination of a Star, or any other pojns 
the Heavens being given, to find its H{cenfionsf 
Merence, and by that means its Oblique Aſcenfiens 
— above the Horizon, and Eaſtern Ampli- 


Having laid down in what goes before, the 
dethod of determining the ſituation of the Cir- 
& of the Sphere for any habitation or place, 
d of finding by obſervation the places * the 
> ars 
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Stars in regard of the ſaĩd Circles in the Cele. 
ſtial Sphere, and the ſitudtions of Places on the 
Earth in reſpect of the ſame, conſidered on the 
furface of the Earth; we ought now; by the rules 
of Method, to ſhew how to reſolve by calcula 
tion ſome of the chief remaining Problem 
about what has been determined and found out 
already, and according to their Example may 
any others relating to the Firſt Motion, be ei. 
ſily reſolved after the ſame manner. 

In the preſent caſe, let E 2 (Fig. 12) repre 

ſent the Equator, whoſe Pole is P; HOR the 

Horizon, wheſe common interſection's, O ant 

the oppoſite point, are the points of tru 

Baſt and Weſt, namely the Poles of the Meri 
dian PE. Q. Let S be a Star riſing or ſetting aul 
thro'it imagine a Circle of Declination P$4 

drawn. In the Triangle OAS there are given; 
beſides the right at A, the Angle SO A, who 
meaſure is E, the Altitude of the Equator; th 
ſide AS, the Declination of the Star given; co 
ſequently OA, tie Aſcenſional Difference ſought 
may be found: For O is the point of the Equatoi 

that arrives at the Horizon together with thi 

Starz A is à point of the ſame that arrives wit 
it at the Meridian. This Aſcenſional different 
therefore ſubtracted from the Right Aſcenſiono 
the Star declining towards the elevated Pole 
but added to the Right Aſcenſion of the Stir d 

clining towards the depreſſed Pole, gives its Ot 

lique Aſcenſion; and ſo on the contrary in t 

Oblique Deſcenſion. But this ſame Aſcenſion 

Difference added to the Quadrant, or ſubtrad 

from the ſame, gives the ſemidiurnal Arc oft 

Star, according as it declines towards the ele 

ted or depreſſed Pole: And that turned in 

Time, gives half the continuance of the Star? 

bove the Horizon. In the Triangle 0 AS! 

fide OS is alſo found, the Eaſtern or Weſteſt 

Amplitude. l 
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le. By reſolving the ſame Triangle OAS after 
the the ame manner may the converſe of this Pro- 
the Ml blem be ſolved ; that is, the Right Aſcenſion, 
ls WM Declination and Continuance above the Hori- 
ul von of any Star or Point being given, to find 
me the Elevation of the Pole. 


nay ProyosrTION XXXIV. 
ei- HE Elevation of the Pole being given, if the 
Altitude of a Star be known by obſervation, 


dee beſe Right Aſcenſion and Declination are known, to 
the the moment of Time, and the Aximutb of the Star, 
ande The ſame Circles of the Sphere being ex- 
rue reſſed by the ſame letters, let the Vertical ZSA 
(Fg. 9.) be ſuppoſed to be drawn thorough 
the Star S. In the Triangle PZ S, all the ſides 
we given; namely PZ, the complement of the 
Elevation of the Pole; Z 5, the complement of 
the Altitude of the Star above the Horizon; and 
Ps, the diſtance of the ſame Star from the Pole, 
the complement of the Declination : The 
ple PZ S therefore is found, which is mea- 
| by OA the Azimuth ſought ; as alſo the 
Ingle Z PS, whoſe meaſure is the Arc of the 
Lquator E R. But the Sun's place being given, 
Right Aſcenſion is alſo given: Conlequent- 
the difference between this and the Right 
Acenſion of the Star, knownalſo by ſuppoſiti- 
In, is alſo given: Therefore the ſum or diffe- 
ence of theſe Arcs will be given; namely the 
re of the Equator intercepted between the 
eridian PE H and the Circle of Declination 
wn thro' the Sun, Which converted into 
Ine, gives the time before or after Noon, ac- 
ding as the Sun is to Eaſt or Weſt of ic. 
Lou will have the ſame, if inſtead of the Al- 
ade of a Star its Azimuch be known by ob- 


vation, 
> PRO- 


* * 4 


©, , ProyosITLON, XXV. 

| HE Longitude of the Place, the Hour of thy 
1 | day, and the Sun's Place being given, to d. 
comin th tion of the Ta . 8 f 


Horizon ; that is, to find the Angle of the Etlinig * 
and Horixon, (or the Altitude of the Nonageſim degree q — 
the Eeliptic from the riſing point above the He 
the riſing point of the Ecliptic (and from them the i J 

| Nouageſim degree) and the point of the Horizon, it 
. which the Ecliptic interſects it, C 
Things remaining as before, let S be thy 9 
Sun in the Ecliptic AS EA ¶&Fig. 13. ] Let the "74 
right Aſcenſion, for the given hour be tound (bye 
Prop. 20.) or (making PSB the Circle of Decl. dut 
nation, ) the point B in the Equator, or conſe At 
quent! its diſtance. from E the next Equinodis du 


a] point, namely E B. And ſince the Hour is gþ 
ven, the Arc of the Equator B & interceptel 
between B and the Meridian, and conſequent 
ly BO its complement to the Quadrant of the 
„ale LO: But BE is given, from whene 
the Arc E O is known. Therefore in the Tri 
angle AEO comprehended between the Eclip- 
1 tic, Equator and Horizon, there are given the 
li Angle AE O, the 3 of the Ecliptic, and 
= AOE che inclination of the Equator to ths 
Horizon, and the ſide E O juſt found: From 

| whence the reſt will be known; of which F40 
or its complement to two right A 4 H is ths 
q Angle that the Ecliptic makes with the Hol 
Zan, meaſured by the Altitude of the Non 
geſim degree; EA the diſtance of the riling 
point of the Ecliptic from the Equinoctial · poi 
E, and from thence the higheſt point, or the Ne 
1 nageſim degree from the ciling point 4 becoms 
©. known; and OA the diſtance of the riſing poll 
4 from the true Eaſt O, computed in the Hof 
20h. . E. F. | P x0 


— 
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PRO POSITION XXXVI. | 
the PHE ſame things being given, to find the ſitua- 
1 tion of a Star, whoſe Longitude and Latitude 
th re given, in regard of the Horizon, or the Altitude 
Rg and Azimuth ; as alſo to determine the point and 
«BN dog le, in 29bith the Vertical thorough the Star inter- 
5% ſeats the Ecliptic. | 
e Let the place of the Star $ given in re- 
gerd of Longitude and Latitude (by the con- 
rerſe of Prop. 27) be reduced to the Equator ; 
ths 5 find its Right Aſcenſion and Declination. 
the BN And ſince the Sun's Right Aſcenſion is given,the 
(erence of theſe Aſcenſions will alſo be given. 


9B of the Equator, between the Meridian 
md PS the Circle of declination paſling thro' 
Y alſo known; and conſequently the Angle 
B, Which it meaſures. In the Triangle 
S, there are given the ſides PZ, PS, (the 
ne the complement of the Pole's Elevation, the 
ter the diſtance of the given Star from thePole, 
own by its Declination,) together with the 
Angle Z p $ juſt now found; by which means 
dere will be known the fide Z 5, and the An- 
de PZ S: Zs is the complement of the Alti- 
ade'ES, and RE the Arc of the Horizon, which 
$called the Azimuth, meaſures the Angle PZ S; 
ind fince RO is a Quadrant, the Arc O E 
i diſtance between O the point of the true 
taſt-and the Vertical Z E drawn thro' §, is al- 
found. Beſides, in the Triangle ECA, com- 
pretended between the Vertical Z S E, Hori- 
Hon en HO R, and Ecliptic ACM, the Angles at 
pad 0d A are given, (the one being found above, 
EE” and 


„ jut from the Hour of the day given, the Arc 
eche Equator intercepted between the Meri- 
tn and Circle of declination drawn thro the 
1 un is known: The Arc therefore ( Fig. 14.) 
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and the other a right angle.) together with theWrj 
intermediate ſide E A, the ſum or difference of gi 
the known Arcs OE, O A: Therefore the other ct 
fides are alſo given, namely Ac, the diftanceMth 
of the point C from the riſing point 4, which Ms; 
known, the ſide EC, and the Angle Ec 4 Wop 
which the Vertical Z SE drawn thro” the Star 
S, contains with the Ecliptic. Q. E. F. 

Tho' this Problem be no more than the con- 
verſe of Prop. 26, yet becauſe of its frequent 
uſe, I thought fit to inſert it. 
| COROLLARY. 

The ſame things being given, by the ſame | 
bour may the Place on the Earth, to which the 
Star S is Vertical, be determined. For in the 


Triangle ZPS, in which all the Sides and u dit 
gles are known, the ſide PS denotes the be. 
ſtance of the Place on the Earth from the Po Ane 


P, from whence its Latitude is known ; and 
the Angle Z PS is the diſtance of the Merid 
ans of the Place given and fought. But it 5 bs 
in the Ecliptic, the Problem becomes more (in 
ple; and is ſtill the more ſo, if it be the Sun, 0 
the Point oppoſite to it. 


PROPOSITION XXXVII. 
'T H E Elevation of the Pole and the ObliqueA[c 


ion of the Star being given, to find its Coſi T 

cal 4 pd Cnc Riſing: r [Fi 
The Circles of the Sphere [Hg. 15. ] bein var 
marked by letters, as oftentimes before, in tit ag! 
Triangle E O A, there is given the Angle at! 908 
namely the Obliquity of the Ecliptic; the ff un 
Eo the Oblique Aſcenſion of the Star S (at la. 
the diſtance of the point of the Equator tha ue 
riſes together with it from the next Equl uh 
nox, from the Oblique Aſcenſion given) e! 
the Angle E O A the inclination of the Eq thy 


tor to the Horizon, or its complement to y 
r1gnt 
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right : Therefore the ſide E 4 will alſo be 
given ; and conſequently that point in the E- 
ther cliptic that riſes with the Sun. Therefore when 
mee the Sun is in this point of the Ecliptic, the Star 
hs M$ ciſes Coſmically; and the Sun being in the 
C4 Moppoſite point, the fame Star riſes Achronically. 
Stat And after the like manner may the Coſmical 
and Achronical Riſing of a Star be found from 
:0n-Mithe Oblique Deſcenſion of the Star (found by 
lent $5 33. 7 
ut if the Coſmical Riſing and Setting ſigniſy 
the ſame thing with an Aſcent above Horizon 
EH. e Deſcent below it; the time of the Coſmical 
the iüng and Setting is determined by the prece- 
the üng: For the Altitude of the Star (being no- 
ing in its Riſing or Setting) is given, and 
r berefore the moment of time will be known. 
and then the Achronical Riſing will ſignify 
What it commonly does; namely the Evening 
ne. And the Achronical ſetting all one with 
he Coſmical ſetting, as it is commonly called, 
Morning one. | 


PRoPoOSITION XXXVIII. 
10 determine the Heliacal Riſing and Setting of 


a given Star. 

Things remaining as they were, let D 
[Fig. 16.] be the place the Sun is in when the 
war S riſes Heliacally. Therefore in the Tri- 
ple 4 FD there is given, beſide the right 
wele at F, the Side FD, wiz. the Arc of the 
dans depreſſion requiſite to permit the Star of 
agiven magnitude to appear; alſo the Angle 
DAF, which the Ecliptic comprehends with 
the Horizon, when the Star S riſes, found by 
Prop. 35 ; therefore the Side 4 D will alſo be 
bound. But this Arc added to the Arc E 4 
(found by the preceding) gives ED the diſtance 

Y 3 ot 
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the Sun from the Equinoctial point E, when 8 
riſes Heliacally. Therefore the time of the He. 
llacal Riſing of a given Star 8 will be known; 
namely the ſame as that wherein the Sun 
 ſeſſes D the point of the Ecliptic found. And 


after the like manner the Heliacal ſetting of it 
may be found. | FO | 


PROPOSITION XXXIX. 
HE Latitude of the Place and the Sun's Plat 
being given, to find the beginning of the MAm- 
ing and end of the Evening Twilight. | 
Let ZEPN [ Fig. 17. ] expreſs the Mer. 
dian ; E Q the Equator; HO the Horizon, 
whoſe Poles are Z the Zenith and N the Nx: 
dir; S the Sun depreſſed below the Horizon: 
Thro which let the Circle of Declination PSR 
and Vertical Z SN be ſuppoſed ro be drawn 
In the Triangle Z PS all the Sides are given; 
namely. PZ the complement of the Height of 
the Pole; PS the diſtance of the Sun from the 
Pole, known by its Place; and the ſide Z 5 
made up of the Quadrant and depreſſion of the 
Sun, neceſſary for the beginning or ending df 
the Twilight: Therefore the Angle Z PS wil 
be known,whoſe meaſure is the Arc RE, which 
converted into Time, gives the Hours ſought, 
to be reckoned after Noon to the end of the 
Evening Twilight; and their complement to 
12 Hours, or the Arc R 9, the Hours to be 
reckoned from Midnight to the beginning dl 
the Morning Twilight, #8; 
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PROPOSITION XL. LEMMA. 


vn; FF 1220 great Circles of the Sphere cut another great 
Dok Circle at equal Angles, the Arcs of all  Cireles 
\nd Bi parallel to this intercepted by the tuo cutting the third, 
f it Bi are onilar to one another ; and the Arcs of the inter- 
an contain d berween two Parallels are equal. 
Let two great Circles HE O, BR [ Fig. 18.] 
tut the great Circle E in Et and. Q, ſo as that 
the Angles HE 9, 122 may be equal. I ſay, 
the Arc AP of any Circle PAL parallel to 
£2 Y, intercepted between HE O and H &'R 
s ſimilar to E ; and the Arcs PE, AD©, of 
O, HR intercepted between the two Paral- 
W., are equal. Thro' the Poles of E 2, 
on: {Www the great Circles PB, AC. And the Sine 
Age de arc 4, is tothe fine of the arc 4. N, fois 
wn, ede Sine 4 C to Radius, fo is Sine PER to Ra- 
nan ſo is) Sine P E B to Sine PE. But the arcs 
ol, AC, are equal (by Prop. 10. B. 2. Spber. 
the WW do.) and therefore their Sines ; conſ2quent- 
$,jtheir Arcs 42,P E are equal. Beſides, in 
thee Triangles PEB, ADC, in which the 
» of ugles B and C (becauſe right) and E and © (by. 
wil WW lppoſition) are equal, and the ſides PE, 4 0 
nch ad PB, AC ate already ſhewn to be equal, 
pht, we fides E B, QC, will alſo be equal, and con- 
the equently the Arcs E 2, BC are equal. But 
to 4, BC (by Prop. 10. B. 2. of the Sphæric, of 
be 7heod.) are ſimilar Arcs; therefore © E and AP 
g oi ve alſo ſimilar. And becauſe the Circle PAL 
sanken at pleaſure, the Arcs of all the Circles 
parallel to E Q, comprehended by the Cir- 
des HE O, HR, are fimilar to E ©, and 
conſequently to one another. Q. E. D. 


RG 
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ProrogrTioN XII. 


No find the Parallel the Sun is in, at the ting 
1 of the Leaft Twilight. 7 
lt has been long ago obſerved, that the pro. 
portion of the increaſe and decreaſe of the 
Cwilight is very much different from the in. 
creaſe and decreaſe of the Artificial Days. For 
the Days are upon the increaſe all the while the 
Sun returns from the Winter Tropic to the Sum- 
mer one; but the Twilights do not. For theſe 
are leſſen d after the Winter Solſtice to a cer- 
tain limit before the Vernal Equinox, where 
they are ſmalleſt; and are aftewards increaſng 
while the Sun paſſes the Equator and moves to- 
wards the Summer Solſtice : And from thence 
they are upon the decreaſe to a certain limit 
after the Autumnal Equinox; and then again 
they increaſe to the middle of Winter. Let 
that Parallel then be propoſed to be ſought, that 
is deſcribed by the Sun in its Diurnal Motion, 
when the Twilight is ſmalleſt at a given Place. 
Let Z S NM [| Fig. 19. ] be the Meridian, 
SE M the Horizon, to which let a leſſer Circl 
CAR called that of the Twilights, be parallel, 
namely that wherein the Sun is at the beginning 
of the Morning and end of the Evening Ir. 
light. Let AP be the Parallel ſought, Thro 
the point A, where it interſects C R, ſuppoſe 
the great Circle 4 © HO to be drawn meeting 
the Horizon HO in O and E, which cuts the 
Equator E © in Q, ſo as that the angle A2E 
is equal to the angle PE D or TEK. And 
therefore (by the preced. Lemma) the arc E2 
is ſimilar to the arc PA; and the arc -f ot 
any other Circle parallel to the Equator, inter- 
cepted between O ES and O AL, will alſo be 
ſimilar to the ſame AP or QE; and each cf 
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them will be the meaſure of the duration of the 
Twilight, while the Sun deſcribes the Parallel 
PA. But becauſe (by hypotheſis ) it is the 
leaſt Twilight, none of theſe arcs, beſides PA, 
will reach to C R. (For while the Sun deſcribes 
in its Diurnal motion any other Parallel, the 
meaſure of the duration of the Twilight is its 
arc pb, intercepted between the Horizon SEM 
and the Circle of Twilights CAR; which ſince 
tis (by ſuppoſition) greater than the meaſure 
A of the Leaſt Twilight, tis evident that p a 
does not reach to C R, becauſe pb which is 
greater, only reaches ſo far.) And therefore 
the Circle of Twilights CAR touches the 
great Circle OA H: and becauſe part of it un- 
der the Horizon, (namely OA H) is a ſemi- 
circle, and CAR is parallel to the Horizon, tis 
evident that HL A or OA, is a quarter of a 
Circle. And therefore the Circle NAT Z, de- 
ſcribed upon the Poles O and H thro 4, inter- 
ſecting the Equator at X, is a great Circle, and 
gaſſes thro the Zenith and Nadir, and meets 
the Horizon at right angles in T. Beſides, in 
the Spherical Triangles ETK, AK, the an- 
gles ETK, AK, (by Prop. 15. B. 1. Theod.) 
xe right and conſequently equal, as alſo the 
angles TEK, ADK, (by conſtruction) are 
equal, and the reſt TK E, AK Aare likewiſe 
equal, (becauſe vertical:) From whence (by 
Spherical Trigonom.) theſe Triangles are mu- 
tually equilateral ; that is, the arc TRX is equal 
to K A, and TE to © A; But (by the preced. 
Lemma) © H is equal to E P, therefore TE is 
equal to E P. Beſides, in the Spherical Trian- 
ple ET K right angled at 7, (by a known 
Prop. in Spheric. Trigonom.) the Radius is to 
the Co-Tangent of the angle TE K of inclina- 
fon of the Equator to the Horizon, as the Tan- 

| gent 


gent of the arc 7 K to the Sine of the arc E . 
And by permut. the Radius is to the Tangent 
of half the Arc of the depreſſion of the Circle 
of Twilights below the Horizon, as the Tangent 
of the Pole's Elevation to the Sine of the arc z7 
or EP. Again, in the Triangle ZDP, (making 
Dp the Circle of Declination) right angled at 
D, the Sine of the arc EP is to the Sine ofthe 
Arc DP, as the radius to the Sine of the Angle 
DEP; that is, to the Co- ſine of the Elevation 
of the Pole: But in all arcs, the Tangent i 
to the Sine as the Radius to the Co- ſine; where. 
fore the Sine of the Arc EP is to the Sine of 
the Arc DP as the Tangent of the Height of 
the Pole to the Sine of it. And by inverting 
and permutation, the Tangent of the Heighs 
of the Pole is to the Sine of the arc E P, as the 
Sine of the ſaid Height is to the Sine of the aro 
DP. But (by what has been ſhewn before) in 
the caſe of the Leaſt Twilight, as the Radius 
to the Tangent of half the arc of the depref- 
fion of the Circle of Twilights, ſo is the Tan- 
gent of the Height of the Pole to the Sine of 
the arc EP; and therefore the Radius is to 
the Tangent of half the arc of the depreſſion 
of the Circle of Twilights, as the Sine of the 
Height of the Pole to the Sine of the arc PD; 
namely of the declination of the Parallel that 
the Sun deſcribes when the Twilight is Leaſt. 
Wc 
| SCHOLIUM.. | 
If the depreſſion of the Circle of Twilight 
below the Horizon be 184 (as it is commonly 
determined,) the Radius will be to the Tangent 
of 94 as the Sine of the Latitude to the Sine of 
Deelination of the Sun towards the depreſſed 
Pole at the time of the Leaſt Twilight. 1 
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Declination of the Parallel and Obliquity of the 
ent Ecliptic being given, the two points of the E- 
ce diptic will be found (by Prop. 20.) and (by the 
em Theory of the dun) the times of the Year, when 
Er ue Sun is in the given Places; that is, when 
the Twilight is Leaſt. Tho' at London the Leaſt 
t Twilight is when the Sun declines from the 
the WH Equator towards the South 6 4 7, and in & 
ge er 24 17 d zo“, which happens in the preſent 
on Age, about 22d of Febr. and 27th of September 
- is of the Julian Year. This was noted by Blan- 
re. nns in his Sphere, who ſays that the ſhorteſt 
of Wl Twilights happen about the middle of Libra and 
ohe middle of Piſces. Peter Nonius has propoſed 
ng if this Problem and ſolved it (yet by two Propor- 
be WY cons) in a Book concerning the Twilights, pub- 
be liſhed in the Year 1541; who is followed by 
ro Anbroſius Rhodius and Clavins.. ETD 


ProPOSLITION XIII. | 
af N A Plane gruen by poſition, 0 which a Sun-Dial 
n. is to be drawn, to determine the Meridian Line, 
of Angle of the' Style, and the Subſtyle line. P15 
to Every Plane upon which a Sun-Dial is drawn; 
0 t ſuppoſed to paſs thro the Center of the Sphere, 
ie Wl (becauſe in reſpect of the diftance of the Sun 
); s diſtance from the Center is inſenſible,) and 
ac WI conſequently its interſection with the ſurface 
|, WM ofthe Sphere is a great Circle. * 
Let IRSMCT | Fig. 20.] be ſuch a Plane 
paſſing thro' Z, the Center of the World which 
its produced to the ſurface, forms the Circle IR $ 
ly MC. Let HIO be the Horizon of the Place, 
ne HZO the Meridian (in which is the Pole P, and 
of the Zenith Z) interſecting the former Circle in 
ed M. The poſition of the Plane IRS C being 
he gen, its Deelination is given, meaſured by the 
li- Angle IT H, or Arc IH, namely that whereby 
| the 
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the Horizontal Line IC of the Plane IRS c de. 
clines from HO the Meridian line drawn on 
the Horizontal Plane, by Prop. 16. ZR is alſo 
given, namely the arc of the Vertical Circle 
rpendicular to IR SC, intercepted between 
the Zenith and the ſaid Circle, the meaſure gf 
the Iuclination or Reclination of the ſaid Plane. 
In the Spherical Triangle MZ R rightangled 
at R, chere is given Z R, and the the angle 
RZ M, equal to the complement of the angle 
ITA to a right one: (For the Vertical Circle, 
Z R perpendicular to the Circle IR S C, declines 
from the prime Vertical (drawn thro' the Equi- 
noctial Eaſt and Weſt) as much as IT does 
from HT; and conſequently the complement 
of the one, namely RZ MN, is equal to the com- 
plement of the other, namely IT H.) Therefore 


the fide RM will be found, or the Angle 


(which it meaſures) in the plane of the Dial 
RTM. But TR is given by poſition ; (for it 
is ſuccedaneous to a perpendicular on the ſame 
Plane, or a right line perpendicular to the Ho- 


rizontal line IT C;) wherefore the Meridian 


line T Mſought in the Plane of the Dial, or the 
common interſection of the plane of the Meri- 
dian with the plane of the Dial, will be given, 
In the ſame Triangle AZ R, are alſo found the 
fide Z A and Angle R M Z, which will be of 
uſe by and by. Again, thro' the Pole of the 
World P, draw an arc of a great Circle PS, 
perpendicular to IRS C: And in the Triangle 
RS M rightangled at 5, there is given the An- 
gle PMS found juſt now, and the fide P M, 
the ſum or difference of the Arc IA found 
before, and of the diſtance of the Pole from the 
Zenith, namely Z P: Conſequently there will 
be known both the arc PS, or the Angle, which 
it meaſures, PTS, the inclination of the Aus 


FE 
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PT to the Plane IRS C, that is, the Angle of 


1 on Ml the Style ſought; and the fide MS, or the 
allo Wl rectilineal Angle $7 24, which it meaſures 
ircle in the plane of the Dial, contained between 
een NTM the Meridian determined before, and the 
e of Wl Subſtyle TS, namely that upon which the plane 
ane. of the Gnomon P 7 S ſtands, whoſe other edge 
led s the Axis of the World PT caſting the ſha- 
gle dow, and is perpendicular to the plane of the 
ole Dial. Q. E. F. 


PROPOSITION XIIII. 

"10 find the Angle, that the line of « given Hour 
ii makes with the Meridian in the plane of the 
ent Diel; and thence to deſcribe a Sun-Dial upon a gi- 
M- en plane. 
re The ſame things remaining as before, let BPb 
lc Lg. 21.] be the Hour Circle, the interſection 
ial of whofe Plane with the Plane IMC gi- 
it en by poſition is ſought. The Hour of this 
ne Circle being given, the Angle HP B or HP 
- given, contained by it and the Meridian. 
an Therefore in the Spherical Triangle P Mb,there 
he ne given (by preced. Prop.) the ſide P, 
i- WF and the angle PMA, as allo the angle AP: 
n. Therefore the arc Mb is found; and the recti- 
he lineal angle, which it meaſures, MT b, which 
of Wl the Hour line 7b makes with the Meridian TA. 
he Wl Therefore the right line 7 M being given 
„ Wl (by Prop. preced.) the Hour line ſought T, in 
le Wl the plane of the Dial given, will be determined. 
U- NQ E. F. | 
2 And after this manner a Sun-Dial may be 
nd . made, by drawing a Meridian and Subſtyle 
he from a point aſſumed at pleaſure for a Center, 
il (by preced. Prop.) and erecting upon the Sub- 
ch WW flyle a Style in an Angle found alſo by the 
> WW Preced. and drawing the other Hour lines in 
i Angles 
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Angles with the Meridian 7 A4, determined 
by this Propoſition, and marking them with 
their proper numbers. Thus Tö is the eleven 
a clock Hour line after Midnight, if P B be: 
Circle to the Eaſt of the Meridian PZH, 
making with it an Angle of 15 ; that is, if 
T'b be to the Weſt of the Meridian line 7, 
and the Angle Ab in the ſurface of the Sphere 
of 15 d. And after the like manner TX, f- 
tuated on the ſame ſide, will be the ten a clock 
Hour line, if AP X be zo d, and fo on. 


PROPOSITION XLIV. 

TO draw a given Hour line upon - a Sum- Dia, 
2 hoſe plane paſſes thro the Poles; and ſo m 
deſcribe a Polar Dial. 

Becauſe all the Hour lines interſect one ano- 
ther in the Axis of the World, and this Axis i 
always in a Polar plane; tis evident that all the 
Hour lines, in ſuch a plane, are to be found in 
that Right line: But that they may be diſtin- 
guiſhed, and not confounded with the Subſtyle, 
the Dial is not to be conceived as deſcribed 
in the plane INC itſelf, Fig. 22.] paſſing thro 
the Center (as it is in all other caſes, ) but in 
another plane im, parallel and near to the 
former; ſo that the opake right line that calls 
the ſhadow and coincides with the Axis of the 
World, is diſtant from the plane i m , by 
the right line PS: Aud ſince the diſtance 
of the Sun is look d upon as Infinite, any given 
Right line as PS, vaniſhes in reſpect of it, and 


the parallel Planes paſſing thro IC, i m?, 
are eſteem'd as very near one another; and the 
portions P, Pb, &c. of the Hour circles HP n, 
B Eb, &c. croſſing one another in the Pole , 
intercepted between the Pole and the Circle 
imy, are to be looked upon as Right lines; * 
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the part of the Spherical ſurface which theſe 
4 cs take up (being infinitely ſmall in com- 


on ang of the whole) is to be look'd upon as a 
lane. ; li 1 | | 
1 In the Polar plane then, having found (by 


%. 42+) the Subſtyle, etect the Style of any 
; WH breadth taken at pleaſure, as PS, whoſe other 
re edge plac'd in the Axis of the World is paral- 
to the Subſty le; for in this caſe there is no 
* WW Angle of the Style. To find the Meridian line, 
"obſerve that in the rectilinear Triangle P Sm, 
beſides the right angle at S, there is given the 
ide PS, namely the height of the Style; and 
the angle Sz P equal to the angle AP Z, 
found at Prop. 42; hence you may find 8 » 

m. : N 
the diſtance of the Meridian line from the Sub- 
. chyle in the right line 8 n, which is perpendi- 
7; {WI cular to the Subſtyle, becauſe MP (parallel to 
he 7 is perpendicular to P; and you may al- 
in b find the fide P: A right line therefore 
in. lawn thro' the point , parallel to the Sub- 
le. Wile ( becauſe, as was faid before, the Hour 
e hes and Subſtyle, which alſo is one of them, 
ron this fort of Planes are parallel) will be the 

in Meridian line in che Sun-Dial propoſed. 

che If any other Hour line given is to be drawn, 
as WI vhoſe Circle for inſtance is BP; in the Tri- 
che ugle Pm there are given the angles P mb, 
by Wl #24 P , the one found before, and the other 
ce equal to the vertical angle Z PB, given becauſe 
ven dhe Hour of the circle P B is given;) as alſo the 
and de Pm determined before: Hence therefore 
„% M » be found, whoſe extremity m is given, 
conſequently þ alſo will be given. A right 
line therefore drawn thro' it parallel to the Sub- 
Wyle, will be the Hour line of the circle P B. 
And after the like manner may all the other 
Hour 


9 1 
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Hour lines be drawn, and a Sun-Dial made 
upon a Polar plane. Q. E. F. | 
There are other eaſy methods of making Sun. 
Dials ; but we have taken the moſt obvious, and 
one that is the fitteſt for the illuſtration of the 
doctrine of the Firſt Motion: And after this 
manner tis eaſy to deſcribe upon a Sun- Dia 
any other ſuch furniture as may be ſhewn by the 


ſhaddow of a Gnomon. 


SECTION VII. 
Concerning the Parallax of the Stars, 


ProPosITION XLV. 


To deſcribe the nature of the Parallax, and ii 
enumerate the various ſorts of it. 

hro' all this Book we have ſuppoſed the 
Phznomena, whoſe places we have been treat- 
ing of, to be ſituated among the Fixed Stars; 
or (if they are placed between the center of 
the Earth and ſurface or Fix'd Stars, that they 
are referr'd to the Fix'd Stars by the help of 
right lines drawn from the center thro' the 
Phznomena ; that is, that they are ſeen from 
the Center. And tho' the Earth in reſpect of 
the Sphere of the Fix'd Stars, is taken for1 
center, and puts on the nature of one, yet in 
reſpect of the diſtances of the other Celeſtial 
Bodies it does not happen ſo; but an interme- 
diate Phznomenon, ſeen from the ſurface 6 
the Earth, will have a place among the Fixd 
Stars (or in an infinite diſtant ſurface of a cor 
cave Sphere concentric with the Earth,) diffe- 
rent from that, which it ſeems to have when 


ſeen from the center; and this diverſity of ap- 
pearance 


. * 
- — 
* 
> ”- 
1 


* * 
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ade pearance is very fitly call'd the Parallax : Thus 
br inſtance, it LT [ Fg. 23: þ repreſent the 
un: Zarth, whoſe Center is C; L a Place on the 
nd WY fucface, whoſe Zenith is Z; Z SH the Sphere 
the Wof the Fix'd Stars; the Phænomenon P ſeen 
this MW from Z will be placed ameng the Fix'd Stars at 
ial Ml but from the Center C, at & its true place. 
the W The difference between its true place S and 
the 8 one , or the Arc Sr, is the Paral- 
hx ofgthe Phænomenon P: And it may be ex- 
— WW prefled by the Angle S P, or L PC; forgince 
LT in reſpect of the circumference Z S H va- 
tiſhes,z P h alſo (to which LT has a ſenſible pro- 
portion) is as a Center in reſpect of ZSH ; that 
+ Ms, the Arc 8 may be conſidered as deſcribed 
ipon the Center P. From whence it is evident 
at by reaſon of the Parallax, any Phænome- 
on appears nearer to the Horizon than ir is, 
na Vertical Circle, and that ſo much the more 
he Ws (other circumſtances being alike) it is leſs 
at: dexated; and that a Phænomenon ſeen from 
see ſurface in L, in the Vertex, as in 2, is refer- 
otto the ſame place among the Fix d Stars, as 
cy lit had been ſeen from the Center C, or that 
obere is no Parallax in the Zenith. 
the By reaſon of the Parallax before deſcribed 
on which is calld either the Parallax of Altitude, 
: of e alſo ſimply the Parallax) the Place of a Phæ- 
1 {Womenon is alter'd as to Longitude and Lati- 
tude : For let the true place of a Phænomenon 
be C, [ Fig. 24.] the apparent 3, ſo that the Pa- 
Max is Cy; if you imagine the Circles of La- 
tude C E, ys drawn thro C and y, meeting 
the Ecliptic E L in E and «, the apparent Place 
in the Eeliptic will be , the true E; and there- 
lore the change of Longitude made by reaſon 
a the Parallax, is Es, which is alſo called the 
Larallax of Longitude. And the true Latitude C E 
is 


tical, and becauſe (in the preſent caſe) thi 
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is changed into the apparent one 5 e, the diff 

rence of which o (ſuppoſing Co parallel to th ] 
Sin. 
the 


Ecliptic) is the Parallax of Latitude. But if x 
happen that the Vertical, as Z PN, paſling thy 
the Phænomenon D, is alſo perpendicular ws. 
the Ecliptic (which comes to paſs when it pa. 1 
ſes thro the higheſt point of che Echptic 4, c 
Nonageſim degree from the Eaſt) then thy 
Parallax affe&s only the Latitude. For by the Mo: 
Parallax the Place is only changed in the Ver MTs; 


coincides with the Circle of Latitude, the Place 
is only changed in this, that point of the Edy Hr 
tic continuing unchanged, to which it is reſen e 
by the ſaid circle of Latitude: and in like mu- f u 
ner only the Longitude is ſometimes affedeſ on 
the Latitude continuing unchang'd ; _ 
when the Phænomenon is in the Ecliptic pak 
ſing 'thro' the Zenith. From whence it is e 
dent, that the Longitude of a Phænomenon ſity 
aàted to the Eaſt of the Nonageſim degree of the 
Ecliptic, is increaſed by the Parallax, becaule 
it is removed more to the Eaſt upon this ac 
count; but that the Longitude of one ſituated 
the Weſt from thence is leſſen d: Wherefch 
beſides all other motion which the Phænomenoi 
may have, it will ſeem to be moved by realot 
of the Parallax, becauſe change the Parallar 
and its apparent place will be changed. And 
this motion, becauſe not real but apparent, 
called by ſome the Parallax of Motion. Nom 
what is to be underſtood of a Phænomenon 1 
reſpect of the Ecliptic and its Secondariss, 
to be underſtood after the like manner conceil 
ing the ſame in regard of the Equator. 


Pk 


= — — — — 
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| ProPostTION XLVL 
the HE diſtance of a Phanomenan from the Earth 
if is to the Semidiameter of the Earth, as th 


hro' Ml F the apparent: diſtance from the Vertex is to 
the Sine of the Parallax. 10 FE: 

Let 7 be the center of the Earth; [Hg. 210 
the Place on the Surface L, its Zenith Z, Ho- 
on 7H; and let the Phænomenon be in P. 
Now (from the known property of a rectilineal 
Triangle) TP is to TIL as the Sine of the 
wele TLP (or of its complement to two 
cht Z LP) to the Sine of the angle PL; 
that is, the diſtance of the Phænomenon from 
the center of the Earth is to the ſemidiametet 
the Earth, as the Sine of the apparent diſtancs 
om the Vertex to the Sine of the Parallaz, 


ne E. D. * 
11 Conſequently the Parallax agreeing to à gi- 
enen Altitude being given, the diſtance of that 


Phenomenon from the Earth will alſo be giz 


kn ; and fo vice verſa. 
 - Proportion XLVII. 

HE Sines of the apparent diſtances of a Phencs 
pon from the Vertex are as the Sine: of the 
Nerallaxer. 3 | 

For (by preced. Prop.) the Sine of the appar- 
er de from ay Vertex is to the eine of 
be Parallax, as the diſtance of the Phznome= 
bon from the center of the Earth is to the ſemi- 
Wneter of the Earth; that is (in the ſame Phe- 
bomenon) in a conſtant Ratio. Wherefore, as 
he vine of che apparent diſtance from the Ver- 
A in the firſt Obſervation is to the Sine of the 
parent diſtance from the Vettex in any other 
Wſervation, ſo is the Sine of the Parallax in 
the firſt obſervation to the Sine of the Parallax 
the ſecond Obſervation. 2. E. D. 

| Z > Þ x 0+ 


—  - =_ 
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the diſtance from the Center of the Earth rec 
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pProrostriox XLVII 

"THE Parallaxes of to Phenomena at unequl 
1  diftances from the Center of the Earth, bg 
whoſe apparent diſtance from the Vertex is equal, an 
reciprocally as the diſtances from the Center of the 

art h. n 131 Ki | | 


Things being expreſſed as before, let the tuo 
phænomena be P and p [Fig. 26.] in an equi 
apparent diſtance from the Vertex Z, meaſured 

the Angle Z LP. "Tis evident that the Sing 
of the Angle LPT, is to the Sine of the Angie 
PpT, or Lp T, that is, that the Sine of the hr 
rallax of the Phænomenon P, is to the Sine of 
the Parallax of the Phænomenon p as Tp to TP, 
that is, reciprocally as the diſtances of the P- A2 
nomena from the Center 7. "4 


+» ProPosITION XLIX. 1 
I: HE ratio of the Sine of the Parallax of ont 
Phenomenon to the Sine of the Parallax of 
other Phænomenon it compounded of the inverſe rati 
of the diſtances from the Center of the Earth, and 
J the direct ratio of the Sines of the apparent 6 
ances from the Vertex. 

For when the diſtance from the Center ol 
the Earth is given, the Sine of the Parallax 5 
as the Sine of the apparent diſtance from tis 
Vertex, (by Prop. 47;) and the apparant diſtance 
from the Vertex being given, the Sine of thi 
Parallax is reciprocally as the diſtance from ti 
Center (by preced.) And therefore when n 
ther is given, the Sine of the Parallax is as til 
apparent diſtance from the Vertex directly, 


procally, conjunctiy. 2, E. D. 
5s Mp1 | 5 7 | Put 
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| PROPOSI TILL. 
qul FO find the Parallax of a Phenomenen that does 
by not change its Declination, paſſing between. the 
a Pole and Vertex. o 
Let Z P [Fig. 27. ] be the Meridian, and in it 
2 the Zenith, P the Pole; the true Place /, 
and L the apparent Place of the Phænomenon, 
whoſe Parallel deſcribed by the firſt Motion is 
4; the Vertical fartheſt off from the Meridi- 
mn Z 4, touching the Parallel YA, PA an Arc 
kt fall perpendicularly upon it, from the Pole P. 
In the Spherical Triangle Z AP, right angled 
it A, by the Side Z P, the Complement of the 
Height of the Pole, and the Angle PZ A, or 
Azimuth known by Obſervation being given, 
you will find the Side PA, or PV equal to it, 
the true diſtance of the Parallel from the Pole 
P: the ſum or difference of this and Z P is Z 7 
the true diſtance (or that ſeen from the Center 
the Earth) from the Vertex Z: And the dif- 
kence between this and the apparent one Z L, 
amely YL, is the Parallax of the Phznome- 
un agreeing to the Altitude in Y. 2. E. J. 


PRO POSITION LI. LEMMA. 


HE ſum or difference of any two Arcs, together 
with the Ratio of their Sines, to find the Arcs 
bemſelves. | e 

Firſt, if the ſum of the Arcs be given, the 
blem is all one with that common Trigo- 
dometrical one, where two Sides AB, AC, 
Rg. 28.] of a rectilineal Triangle being given, 
octher with the Angle included BAC, the 
ber two Angles B and C, are required: For 
When the Angle B AC is given, the Angle BAD 
$ the ſum of the Angles B and C themſelves ; 
andthe ratio of the Sides AC, AB, is the ſame 
2 3 with 
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with that of the Sines of the Angles B and c. 
This Problem therefore will be folv'd after the 
ſame manner as that; for tis known that the 
ſum of the Sides 4B, Ac is to their difference 
that is, the ſum of the terms of the given ratic 
is to their difference, as the Tangent of half the 
ſum of the Angles B and C, or of the Arcs that 
meaſure them, to the Tangent of half the gif 
ference of them: But the ſum and difference 6 
the terms of the given ratio ate given, and the 
ſum of the Arcs being given, the Tangent 0 
half the ſum is given; therefore tlie Tange 
of half the difference will be known, and co 
ſequently halt che difference it ſelf; from hence 
And half the ſum, will the Arcs themſelves b 
known. But if the difference of the Arcs | 
given, half the one and Tangent of the othé 
will be given, and conſequently (from the fo 
mer Proportion) the Tangent of half the Su 
of them, and the half Sum it ſelf will be found 
from whence the Arcs themſelves will becom 
known, after the like manner as before. Q. E. 


Popos iTION LIL. 
Oth the Meridian Altitudes of a Phenoment 
being given, which does neither change its d 
elination nor ſet, to find its Parallax. 
Let Z A be a quarter of the Meridian Fig.29 
reaching from the Zenith to the Horizon, i 
which the Pole is P; the real place of the Pha 
nomenon above the Pole 4, the apparent a; 1 
true plage below the Pole B, its apparent 
If the Phænomenon paſs between the Pole an 
the Vertex, the difference between the obſe 
ved diſtances from the Pole, namely PR- 
is the ſum of the Parallaxes in « and g. For 
Circle deſcribed upon the Pole P thro' A, palk 
alſo thro'B, becauſe the true — : 
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thenomenon. is always the ſame. If farther 
o 4 you deſcribe upon the ſame Pole the Cir- 


the « C, then will PC = P; and therefore 
ice. — PA (PECO to the ſum of 


be Parallaxes in @ and g. ut the ſum of the 
hrallaxes in « and & being given, and the ratio 
x their Sines, (being the ſame, by Prop. 47, 
ch the ratio of the Sines of the apparent. di- 
ces from the Vertex, ) the Parallaxes them- 
Res ſought, will alſo be found by the preced. 

Ma. | 4 


Af the Phænomenon . paſs beyond the Vertex 
preſpect of the Pole, then the difference be- 
ween PA, pA [ Fig. zo. ] the diſtances obſeryed 
bom the Pole is equal ta the difference of the 
allaxes. For ſince B & is the Parallax in the 
arent place , and 4 or (the ſame prepa- 
tion being made uſe of as before) BC in the 
Jace 4, C (that is, PE Pe) is the difference 
the Parallaxes in the apparent Places & and «. 
t the difference of the two Arcs being given, 
ether with the ratio of the Sines (namely 
Wie ſame with the ratio of the Sines of the ap- 
kent diſtances Za, Z 6 from the Vertex,) the 
E themſelves or the Parallaxes ſought will be 
und. 8 
But if the Phænomenon paſs thro' the Ver. 
it ſelf; that is, if the points Z, 4 and « 
wincide, alſo B and C, then B& or C ę is the 
ballax it ſelf of the apparent Place g. 


PRO POSITION ILIII. 


Oth the Altitude: of a Phænomenon, that does 
not _ its declination, being given, and ob- 
be 


— Þ ed in the ſame Vertical Circle, to find its Parallax. 
For The reſt being expreſſed as before, Let 
paſſſ 4B ¶ Fig. 31.] be the Vertical Circle, in which 
of t 


he Phænomenon has been twice obſerved, 
*. 2 4 name- 


L 7 
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B 
namely in « and g, but whoſe true Places are 
A and B, and AEB the Parallel of the Phæno- 
menon deſcribed by the firſt Motion. Upon 
the fame Pole P, thiro a, deſcribe another Cir W 
ele « C, and the portions Aa, BC of the Verticals 
intercepted between them (by Prop. 13. B. 2. 0 
Spher. of Theodofins) are equal; and therefore We 
Cp is either the ſum or difference of the Para1JM® 
laxes 4a, BS. And to find it let the great Cir- 
eles Pa, PC, be imagined to be drawn. In the 
Triangle Za P, Z the complement of the 
Height of the Pole, Za the obſerved diſtance 
of the Phænomenon in « from the Vertex Z, 
and the Angle contained Z P, from the Azi 
muth, known by obſervation, being given 
you will find P, to which the arc CP is equal 
Again in the Triangle PZ C, two Sides PZ 
PC being given, together with the Angle PZC 
Z C will alſo be known, whoſe defect or what 
it wants of the 'obſerved Are Z g, is Cg the 
ſum of the Parallaxes in the places à and &, whe 
P exceeds Pa; or their difference, when PZ 
is leſs than Pa. But in both caſes, when over 
and above, the ratio of the Sines of the ſaid Pa 
rallaxes is given, (namely the fame, by Prop 
47. with the ratio of the Sines of the apparent 

iſtances from the Vertex,) both the Parallaxes 
agreeing to the apparent places « and # will be 


PROPOSTITION IIV. 
Mo Altitudes of the fame Phenomenon obſer 
ved at the ſame moment of time in the com 
mon Azimuth of two given Places upon the Earth, ti 
find the Parallax of the Phenomenon. | 
Let the two Places on the Earth be A and B, 
Fg. 32. ] whoſe Vertices are Z and X, the com m 
mon Azimuth Z D; and let the true * le 
che 
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the Phænomenon be D, à the place obſerved 
at A, d its place ſeen at B: And firſt let theſe 
points be between the Vertices Z and Xx. The 
ſum of the apparent diſtances from the Vertex, 
(namely of the arcs Z % and Xd,) known by 
Obſervation, exceeds Z X the diſtance of the 
Yertices (found by Prop. 24) by an exceſs equal 
w dd, the ſum of the Parallaxes. But if the 
— D, d, J, be without the arc Z X, the dif- 
zrence of the apparent diſtances from the Ver- 
tex (namely Z A leſſen d by Xx 4, ) exceeds the 
diſtance of the Vertices X Z by exceſs equal to 
the difference ad of the Parallaxes ſought. 

* Beſides the ſum or difference of the Paral- 
axes found after the manner deſcribed before, 
there is given the ratio of the Sines of the ſaid 
Parallaxes ; namely the ſame ( by Prop. 47.) 
- the ratio of the Sines of the arcs Z 4, X 4 
ofthe apparent diſtances from theVertex. From 
whence (by Prop. 51.) in both caſes the Paral- 
axes themſelves will be found. Q. E. F. 


ProPOSITLION LV. 


Iven two altitudes of a Phanomenon obſerved 
at given Places on the Earth, the ſame moment 
if time, even without the common Azimuth, to find 
the Parallax of the Phenomenon. 
The Longitudes of the Places being given, the 
ame moment of time neceſſary for the making 
the Obſervation in the two Places, is expreſſible 
by the number of Hours reckon'd from Noon 
or Midnight reſpectively, and their difference 
is equal to the difference of Longitudes turn'd 
into time, the more Eaſtern Place reckoning 
more hours ; which is determined during the 
Obſervation in the preced. when the Phæno- 
menon is found in the common Azimuth, un- 
both Places be in the Equator, Let XZ 


[Fig 


% 
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[ Fig. 33.] be the common Azimuth-of the two 
Places upon the Earth, -whoſe Vertices are x 
and Z; from which at the fame moment of 
time (tho expreſſed differently,) let the Phe. 
nomenon be obſerved, whoſe true place let be 
D; and its place ſeen from that Place whoſe 
Vertex is X be d, from the Place whoſe Ver- 
tex is Z be J. In the Triangle X D Z, the 
angles X and Z being given (contained be- 
tween the common Azimuth of the Places and 
the obſerved Azimuths, ) and the Side X Z the 
diſtance of the Vertices (found by Prop. 24.) the 
Arcs XD, Z D may be found, and they ſub. 
tracted from x d, Z 4 obſerved, leave D d, DA 
the Parallaxes ſought. 2. E. . 


0 PROPOSITION LVI. 
T O find very exactly the Parallax of a Phæuo- 
1 menon, by a method not much different from 
tbe two foregoing, by the belp of ſome neighbouring 
Fix d Sar. 1 | 
Since the Phænomenon whoſe Parallax is 


ſought, is in the common Azimuth X DZ [ Fig, 8 


34.1 of the two Places on the Earth pitched up- 
on for this purpoſe, whoſe Vertices are X and Z; 
let it be obſerved with ſome neighbouring Fix'd 
Star; and let S be the Place of the Fix d Star, 
d the Place of the Phænomenon obſerved at the 
place below X; conſequently in this Obſerva- 
tion there are given the arc X Ad the apparent 
diſtance of the Phænomenon from the Vertex, 
the arc Sd the diſtance between the Phænome- 
non and the Fix'd Star, and the angle X 4 $ con- 
tained between it and the common Azimuth. 
At the ſame moment of time from the place 
below Z, where the apparent place of the 
Phænomenon'is , let Z 4, $4 and the angle 
SZ be obſerved: And tho the arcs Ad, Z 9 

e 3 cant 


— - * DI. 
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tat be obſerved exactly, ( becauſe there is need of 
Quadrant to meaſure them;) yet they may do 
for our purpoſe: But if they could with perfect 
gecurateneſs, the Parallax of the Phænomenon 
would (by Prop. 54.) immediately appear. Not- 
withſtanding the arcs 45S, JS and the angles 
it d and , may be obſerved very accurately, 
by projecting the image of the Phænomenon 
and neighbouring Fix d Star S, by the help of 
dpeculums or Lens upon a Plane, upon which 
tight line is drawn repreſenting the common 
imuth X Z; and being in the place of its 
mage, (if it ſhould project any;) as is evident to 
my one acquainted withOptics and Aſtronomi- 
(al Obſervations. Therefore in the Triangle 
Sd, the fides S4, Sd with the angles ſub- 
tended by them d and & being given, the Baſe 
#4 will be found, which is the ſum of the Pa- 
mlaxes ; from whence and the ratio of the 
vines of the Segments A D, 4D, (D being ſup- 
poſed to be the true Place of the Phænomenon, ) 
namely the ſame with the ratio of the Sines Z., 
Xd of the apparent diſtance from the Vertex 
(by Prop. 47,)the Segments themſelves Dd, Do the 
Parallaxes ſought, will (by Prop. 51.) become 
known. Much after the ſame manner the diffe- 
fences of the Parallaxes may be found, and from 
thence the Parallaxes themſelves (by the ſaid 
Lemma, ) if D, d, 4, be without X Z, but yet in 
the continuation of it. If the true Place D 
[Fig. 35. ] of the Phanomenon be without the 
common Azimuth XZ of the Places, the 
lame things being expreſſed the ſame way 
as'before, thro' the Vertices X and Z and the 
reſpective apparent Places, let the Vertical Cir- 
cles Xx d, Z'a be drawn, whoſe interſection is 
the true Place D of the Phænomenon. Draw 
alſo thro' S, the place of the Fix d * 
er- 


+ 
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Verticals X'S, Z S, and join the points $, 4, 4 
by the great Circles S d, S, dg. Let the 
Obſerver below X, obſerve accurately (beſides 
the arc X Ad) the angles X4S, X$4 and the Side 
SD, either by the method inſinuated above, or 
any other more exact; in like manner let the 
Obſerver below Z (beſide Z Y do to the Angles 
Z AS, Z S9 and the Arc S. Beſides, the ha- 
bitations being given (by Prop. 24.) Z X is given, 
and from the ſituation of this, by the Obſerva- 
rion of the Fix'd Star S, the * Z XS, XZ S, 
are had; from whence the Angle XS Z will 
be known, which taken from the ſum of Xs 4, 
Z Sd, will leave 484, from which and the 
ſides. $4, S 4, being known, the angles S da, S 
and the fide 44 are found. But Sd X, $4 Z, 
were known by Obſervation ; conſequently the 
others Dd d, D are known, by which and 
the ſide 44 known in the Triangle D d, the 
ſides D d, D d, the Parallaxes ſought, are found. 


4 ProPosITION LVII. 

Io Obſervations of a fix d Phenomenon, that 
1 F, one that has only a diurnal motion, being 
given, to find its Parallax. | 

Let EC LI | Fig. 36.] repreſent the Ecliptic, 
B the true place of the Phænomenon, intirely 
fix'd in regard of the Ecliptic. And in the one 
Obſervation let Z B L be a Vertical Circle, in 
which Z is the Zenith, and þ the apparent 
place of the Phænomenon; in the other, let 
XBL be a Vertical, X the Zenith, ( for the 
Vertical porn may be conſidered as moved in 
regard of the Ecliptic unmoved, as well as the 
Ecliptic in reſpect of the Vertex unmoved, and 


indeed more properly; ) and & the apparent 


rvation (by the Problems of the Firſt motion 


pee of the Phxnomenon. From the firſt Ob- 
s con- 
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conſtrued before,) you may determine the 
pint L of the Ecliptic, where the Vertical 
fling thro' B meets the Ecliptic ; and the arc 
L, namely a portion of a vertical Circle, in- 
excepted between the Zenith and the Ecliptic ; 
and the angle Z LE contained between the ſaid 
Vertical and the Ecliptic. And in like manner 
n the {ſecond Obſervation of the Phænomenon 
in , the point of the Ecliptic C, the arc XC, 
ind the angle XC L will be known. There- 
hre in the Triangle B CL, the angles B CL, 
Me being given, and the ſide CL that lies be- 
ween them (namely the diſtance of the known 
joints in the Ecliptic,) the ſides B L, BC will 
te known, which taken from the arcs found 
before Z L, XC, will leave Z B, XB. And 
theſe again taken from Z, X, the known ap- 
rent diſtances from the Vertex, leave Bg, 
the Parallaxes of the Phænomenon agreeing 
the moments of the obſervationss. 


PRroPosITION LVIII. LEMMA. 


E T there be two rectilineal Triangles, ABC, 
8 DEF [Fig. 37.] bawing the Angles ABC, 
DEF given; and let the ratios of AB to DE, 
c, AC DF, and BC to EF, be given: To find 
7 1 Triangles from the fide A B given. 
ie Make the angle GB C equal to D E F, and 
in Wl take B G ſuch, as that the ratio of BA to BG 
t may be equal to the ratio compounded of the 
et given ratios of BA to E D, and EF to BC, 
e which is done by taking BG equal to a fourth 
n proportional to E F, BC and ED. Then in 
e e given by poſition, chuſe ſuch a point C, as 
id chat the ratio of the lines connected 4C, GC is 
at equa o that compounded of the given ratios of 
b- W LC DE, and EF to BC, which may be 
n done as before. Then let BG be to BH ” 
* eng 
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ratio of 4 B to BY, and of the ratio of BH to 


with the given ratio of the Sine of the are A E, 


the ratio of B C to E E, and let HT be paral. 
lel to 6 C: I ſay the Triangles ABC, BAH I, 
are thoſe ſpught. | 0 

Tis manifeſt from the Conſtruction, that the 
ratio of BC to B is equal to the ratio of 
BC to EF; and that the Angles ABC, HBI 
are equal to the given ones. Beſides, the ratio 
of 4 B to BG is compounded (by conſtruction) 
of the ratios of AB to ED and EF to BC: But 
the ratio of A B to BG, is compounded of the 


BG, or EF to BC; and therefore 4B has 
the ſame ratio to BH as it has to ED. Again, 
the ratio of AC to C G (by conſtruction) is com- 
pounded of the ratio of 40 to D , and of the 
ratio of EFto BC, or HI to GC: But the ra. 
tio of 4C to CG is compounded allo of the ra- 
tio of 4C to HI and HI to GC; and theres 
fore A C has the ſame ratio to H as it has to 
D F. Therefore the Triangles ABC, EHI, have 
the conditions required. | 


_-» ProeroSITION: LIX. LEMMA. 
＋ H E ratio of the Sines of the Arcs AB, CD, 
1 | Fig. 38. | belonging to a given Circle, and 
the ratio of the Sines of the Arcs taken away AF, 
CF, and the arcs remaining E B, FD being gi- 
wen ; to find the whole arcs and thoſe taken away, 
AB;'CD; AE, G... 

In Circles equal to the given ones, let there 
be ſuppoſed to be taken the arcs G L, LH, IM, 
MK reſpectively the doubles of A E, E B, CF, 
FD: Wherefore GL H, IMR will be reſpe- 
Rively the doubles of 4B, CD. (Compleat 
the rectilineal Triangles LGH, AIR, in which 
are given the ratio of GL to 7M, the ſame 


10 
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p the Sine of the arc C F; the ratio of LH to 
MN, the ſame with the ratio of the Sines of the 
is given E B, FB; the ratio of G H to IX, 
he! lich is the ſame with the given ratio of the 
of {Wines of the arcs AB, CD. There are alſo gi 

e the angles LGH, MIX inſiſting upon the 
io aown arcs, and therefore (by the prec. Prop.) 
n) angles L HG, MK1 will be known, and 
ne em thence the arcs G L, IMA, and their 


he es 4 E, CF: But the arcs themſelves E , 
to are given; therefore the wholes A B, C D 
in, And after the like manner, the ratio of 


e Sine of the whole arc to the Sine of 
e arc taken away, and the remaining arc 
elf being given, the whole arc and the arc 
nen away may be found. For ſuppoſe GLH 
te double of the whole arc, and G L of the 
we taken away; from whence you have L E 
buble the remaining arc. Connect 6 E, 
FL, LH, and in the Triangle L G E, there 
given the ratio of the ſides G L, G H; the 
me with the given ratio of the Sines of the 
ole arc and that taken away: The angle 

[GH is alſo given, inſiſting upon the gi - 
kn arc L H. And therefore (by 41. of the 
a of Euclid,) the angles 6 LH, G HL, 
te given; and therefore the arcs on which 


hey ſtand, - viz. the complement of the arc 
ere LH to the whole circumference, and the 
1, eL; and conſequently 6 L H and 6 J. 
CF, emſelves, and their halves, namely the arcs 
pe Þ 
eat Wl 
ich 
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things may be given; namely the two Altitudes 


ſervations; from any four of which the Paral 
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©... ProPotTION. LX. 
WO Altirudes of a Phanomenon not altering its 
| Declination, and tbe correſponding Azimuth 
being given, to find its Parallax. 

In two obſervations of a Fix'd Star five 


two Azimuths, and the Time between the ob 


lax may be found, from whence ariſe theſe three 
following Problemes. 

For the ſolution of the firſt, let P [ Fig. 39. 
repreſent the Pole; L the true place of the Phæ 
nomenon; and in one of the obſervations let 
LM be the Vertical Circle, and M the place o 
the Phznomenon obſerved in it, and therefore 
LM the Parallax ; in the other let LN be the 
Vertical Circle paſſing thro' L, and LN the Pa 
Tallax of this obſervation. Let the great Cir 
cles PMA, PN, N M be ſuppos d to be draw 
From the Altitudes and Azimuths obſerved, ant 
the Height of the Pole, the Arcs PM, P 
the apparent diſtances from the P, and the An 
Bes PL, PNL contained between the Circles ol 

clination and the Verticals are known : Ther 

is alſo given the ratio of the Sine of the Paral 
lax LM to the Sine of the Parallax LN; name 
ly, the ſame (by Prop. 47.) with the ratio oft 
Sines of the diſtances obſerved. from the Ver 
rex. There are therefore given the ratio 0 
the Sines of the whole Angles PMN, P NM 
namely the ſame with the ratio of the Sines0 
the known Arcs PN, PM ; alſo the ratio of the 
Sines of the Angles LUN, LNM taken away 
the ſame with the ratio found before of the ar 
LN, LM; as alſo the remaining Angles P M Wn 
PMI, found before by Calculation. Therefor 
the Angles themſelves PAN, PNM, I. +, 

L 


© 


* 8 
. 
** 


INM will be known, (by the preced. Lemma.) 
in, in the Triangle MPN, the Sides PN, 
being given, with the Angles ſubtended by 
km, the Baſe AN is found. And laſtly, in 
Triangle LN, the Baſe MN, and the 
Ales adjacent LUN, LNM being given; 
Sides LM, LN the Parallaxes ſought will 
TT >. e 

If one of the Obſervations was made when 
Phænomenon was in the Meridian, then 
of the Triangles PML, or PNL is changed 
wan Arc, and the Calculation becomes much 
But if the Phænomenon L change its Decli- 
tion, and that equably, (which will be done 
me revolution of the Earth, or thereabouts,) 
may ſtill find its Parallax, by correcting the 
ces of the Phænomenon, by a proportional 
tot the Declination thus: When the Phæno- 
on firſt, next after the firſt Obſervation, ar- 
ks at the Azimuth LM, obſerve its apparent 
inde, which will be different from that ob- 
ed the Day before, otherwiſe it would re- 
the ſame declination. Let the difference 
4. Call the diſtance of time between the 
d firſt Obſervations made in M and N, B; 
the time between the two Obſervations of 
EPhznomienon in the Azimuth LM, C. And 
Ithe difference of the aforeſaid Altitudes A, 


o oi en exceſs, to the apparent Altitude in A 
N MI; B 4 WORE. 

ges; but if this difference be a defect, ſub- 
f chat it from the ſame. This ſum or difference 


ll be the corrected apparent Altitude, which 
tin the preceding Calculation (inſtead of the 
mer Altitude in LM) gives the Parallaxes 
ght of a Phanomenon that does not change 
declination. | 
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PRroeosITION LXI. 6 


U two Altitudes of a Pbænomenon, with th 
Azimuth of one of them, and the Time bel 
tween the two obſervations, to find the Parallax i 
the Phanomenon. 
Let P be the Pole, (Eg. 40.) E the true plac 
of the Phænomenon, F the apparent place 
when & is the Zenith, and H when Z is th 
Zenith. There are given the two apparent di 
ſtances from the Vertex, namely XF, Z 
and the Angle PXF, ſince one Azimuth is g 
ven, and the Azimuth XP Z is known by t 
time. In the Iſoſceles Triangle PX Z, the « 
qual Sides PX, PZ, and the Angle XP Z MS 
ing given, PX Z, XZ are found: And ſine 
PAF is given, ZX F is alſo found. Therefo 
in the Triangle X Z F, XZ, XF, ZX F are g 
ven; and therefore Z F, Z FX become know! 
Therefore the ratio of the Sine of the ang 
F, to the Sine of the angle Z HF is give 
namely the ſame with that of the Sine of t 
arc Z H, to the Sine of the arc Z F; and t 
ratio of the Sine of the angle Z H to the Si 
of the angle E FH, or the Sine of the arc E 
to the Sine of the arc HE, or the Sine of tr. 
arc XF to the Sine of the arc Z H. Ther; 
fore the ratio of the Sine of the angle Z FHH 
the Sine of the Angle EH is given; and the di 
ference of thoſe Angles Z FE is alſo given 
and therefore (by Prop. 59.) the angles themſelv: 
ö Z FH, E FH become known; and conſequenti d 
E HF alſo. And laſtly in the Triangle E F Hit: 
HF, EHF, EFH being given, the Parallax 
5 ſought EF, EH become known. &. E. F. 
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PzxoeosITION LXII. . 
2 two Azimuth of a Phenomenon, together 
with the' Altitude of one of them, and the 
lime between the tao obſervations of the Azimuth, 

find the Parallax of the Phenomenon. 
The ſame things being ſuppoſed in the ſame 
Jagram, after the ſame manner may PXZ 
mal to PZ X, and X Z be found. The two 


th imuchs being given, the Angles PXE, PZ E 
t diß e given, and therefore the angles X Z E, Z XE 
Z come known ; by which, together with XZ, 
sg NE be found. But becauſe the Altitude is 


den, its complement XF is alſo given, and 
trefore E F the Parallax ſought will become 
pwn. ©. E. F. ' 

If, in the caſe of either of theſe Prpblems, 
Phænomenon has any motion after an in- 
revolution of the Earth, when the Zenith 
returns to the ſame point of the Heavens, the 
knomenon will be obſerved, not in F(as be- 
) but in ſome other place, for inſtance, G; 
Il FG, XFG become known by obſervation. 
ke therefore, as a whole Circle is to FG, ſo 
Wie Angle XPZ to FL, and draw a great Cir- 
XL cutting Z H in M. In the Triangle 
FL, XF, FL, X FL being given, XL, FXL 
alſo given; and therefore Z XL is alſo given. 
ullly, taking the points L, MA inſtead of F 
dE, HM the Parallax of the Phænomenon 
by be found as before. 9. E. F. 

There are other ſorts of Obſervations, where- 
the Parallax of a Phænomenon may be Geo- 
ktrically determined; as its ingreſs into the 
adow of a Planet; and a Conjunction of Bo- 
les ſeen between the Phænomena. But ſince 
teſe things do not belong to the Parallax con- 
ered in general, they more properly belong 
danother place in the following Books. 
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1 PrOPOSITIO NR L XIII. 
HE place of a Pbænomenon in reſpe# of il 
JI Ecliptic, and the Parallax of à given Altitudi 
as alſo the place of the Sun, and the” hour of ie 
Day being given, to find the Parallax of Longitud 


- 


and Latitude of the Phanomenon, © | 
Let VH be the Horizon, (Fig. 41.) E CI 
the Ecliptic, and zZ Ca Vertical Circle paſ 
fing thro' the Phænomenon. Let A be the tru 
place of the Phænomenon in it, a the apparent 
and therefore 44 the Parallax of Altitude 
Thro' A and à draw the Circles of Latitude A 
ab, meeting the Ecliptic in B and b. Now (b 
Prop. 36.) there are given the Angle YC B, an 
ares VA, VC, and therefore their difference 40 
Hut becauſe the Parallax of a certain given Al 
titude is given, the Parallax of the given Altitud 
VA will alſo be given (by Prop. A.) namely the a 
4 a. Conſequently the ſum or difference C. 
of theſe arcs CA and Aa are given. Therefo 
in the Triangle aCb, beſides the right Angle 
b, there are given the Side aC, and Angle aCh 
from whence the Sides C, ah will becom 
known. But becauſe the place of the Phæne 
menon 4 in reſpect of the Ecliptic is know 
and the point of the Ecliptic (by Prop. 36.) 8 
ſo known, the arcs AB and CB are know 
Therefore the difference between ab and AB 
namely the Parallax of Latitude become 
known; and the difference between Chᷣ and CI 
namely the Parallax of Longitude alſo. G. E. 
The converſe of this Problem is ſolved afte 
the fame manner ; for if the Parallax of Lon 
itude Bb, or the Parallax of Latitude, the di 
ference between ba and B A, be given, Ch0 
ab, (from the Place of the Phænomenon in re 
ſpec of the Ecliptic already given, _— 
| chencM 
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thence the arcs CB and BA,) will be given. 
Ind ſigce beſides the Angle at C in the right 
led Triangle Ch being given, Ca will be 
yen, andconſequently Va, fince YC (by Prop. 36.) 
balready given: But VA is known; therefore 
te Parallax of Altitude 4 a will not be un- 
hown, If the Phanomenon, as the Sun, be 
the Ecliptic, the caſe is much more ſimpl 

But becauſe the Parallax of the Celeſtial Bo- 
, even the neareſt, is a pretty ſmall Arc, 


— wefore ſome conſtruct this Problem of find- 
che Parallax of Longitude or Latitude from 
: (bb given Parallax of Altitude, more expediti- 


ily chus : Thro' A imagine the line 4 to 


an | 
e 9rawn parallel to Bb. Therefore in the ſmall 
n A iangle 44, which is looked upon as rectili- 


al, there being given, beſides the right angle 
the angle 24, equal to ACB, and one 
the Sides Aa the Parallax of Altitude, the o- 
xr Sides Ag the Parallax of Longitude and 
the Parallax of Latitude are found, by the 
te reſolution of a plane Triangle. 

Zut if not the abſolute Parallax of the Phæ- 
menon be given, but the relative in reſpect 
another more remote Phænomenon, that is, 
It exceſs of the Parallax of the nearer Phæ- 
bmenon above the Parallax of the more re- 
Ae; ſuch an exceſs in a vertical Circle being 
ome en, the exceſs in regard of any other Circle 
de il alſo be-given. 

E. For the abſolute Parallax of a Phænomenon, 
"afteWbs the exceſs of the Parallax of the Phznome- 
Lon on itſelf above the Parallax of the Circle of 
e diffW Sphere, which is nothing, becauſe it is ſup- 
C þ offoled infinitely diſtant. 
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SECTION VIII. - 
Concerning the Refraction of the Stars. 


ProeosITION LXIV. 


N the account of an Atmoſphere, which ; 
denſer than the Ether, circumfuſed about tl 
Earth, each Star appears more elevated above the He 
rixon in the ſame Vertical Circle, than it ou 
appear were there no Atmoſphere at all, 
Let T repreſent the Earth (in Fig. 42,) rouni 
which the Atmoſphere AED is diffuſed 3 San 
Star; O the Spectator, placed on the Surface off 
the Earth. If there were no Atmoſphere at all 
or if it were equal in denſity to the circumfuſe 
Ether, the Rays of Light would reach direct. 
from $ to O, nor would they ever be bent int 
a Curve line; becauſe in an homogeneous Me 
dium. But if the Rays, after their paſſag 
thro' the Ether $ ©, enter into a denſer Atme 
ſphere in A, they will be refracted towards th 
Right line 2 AP, perpendicular to the Surfac 
of the Atmoſphere at 4; as is evident fron 
Dioptrics. But it is not probable that an Atmo 
ſphere very conſiderably denſer than the Ethe 
is immediately under it, and then continued al 
along to the Earth of the ſame denſity ; or tha 
all the Refraction of the Rays, that proceee 
from any Star, is perform'd in that ſingle Sur 
face which ſeparates the Ether from the Atmo 
ſphere, (as it is commonly believed,) the porti 
ons of the Ray from $ to the outmoſt Surface 
of the Atmoſphere, and from thence to the 
Earth, continuing all the while Right lines; 8s 
with us a Ray paſling out of Air into a 
only 


i 
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ah bent at the Surface of the latter, being 
ait both before and afterwards. The Atmo- 
ere rather ſeems to extend itſelf to a very 
neat height, and to be rarer in its higher and 
gore remote parts, and denſer in the lower; 
which account a Ray proceeding from a 
ar S, ſuffers ſome Refraction towards the per- 
endicular, in a diftance from the Earth much 
peater than is commonly believed; and in its 
t thiWxogrels (as at B, C &c.) it is refracted the 
ne way, becauſe the medium of the Atmo- 
pere, that it enters into, is more and more 
enſe, the nearer it comes to the Earth: And 
refore a Ray after its entrance into the At- 
am ſphere (by reaſon of the perpetual refracti- 
ce at the Spherical ſuperficies concentrit to the 


t ali cch of a continually denſer medium) is curved 
fuſeſ all its parts, and concave towards 7. But an 
ecte plac'd at O ſees a Star in the laſt part of 
inte Ray AB C O from O produc'd, namely in , ; 
Mair this part only affects the Sight. But the 
ſſag t 0 C of the Ray produced, or the Right 


emo touching the Curve ABCO in O, namely, 


sth., is leſs inclin'd to the Horizon of the Spe- 
actor HO, than the Right line connecting 8 


O; becauſe the line ABCO is concave to- 
tmoßzgerds 7: And therefore, to an Eye at O a Star 
cheiypears in , higher above the Horizon, by 
d allaſon of the circumfuſed Atmoſphere, than if 
thalWtere were no Atmoſphere at all. 
cee Beſides, the Curve that the Ray propagated 
Suriblique thro' the Atmoſphere, puts on, is in 
tmoßz te ſame Plane produced thro' the Star and the 
ortilenter of the Earth. For in Dioptrics tis de- 
face nonſtrated that the former part 4 B of the Curve 
the (conſiſting, as it were, of Right lines) is in the 
lane that the Right lines AS, AD, (becauſe 
er in the Plane of Inflection;) that is, in the Plane 
only A a 4 pro- 
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thro' the Center 7; and its ſecond part Bc i 
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produced and paſling thro' the Star S and Cen- 
ter of the Earth 7; for (by Prop. 5. B. 1. Spher. 
Theodeſ.) the Right line 2 A produced, paſſes 


in like manner in the Plane paſſing thro' B 4 
and the perpendicular thro B; that is, in the 
ſame Plane with the former: and ſo on in che 
other parts of the Ray ABCO. Therefore tha 
intire Curve is in the ſame Plane produced, paſ- 
ſing thro' the Star and the Center of the Earth 
and therefore the Right line O touching the 
Curve, (becauſe a ſmall particle of it produced 
in a Right line) is in the ſame Plane: But this 
Plane is vertical to the Obſerver O, (for it paſ: 
ſes thro' the point O, and the Center of the 
Earth) therefore the Star, by reaſon of the Re 
fraction made in the Atmoſphere, appears i 
the ſame Vertical, but higher above the Hori: 
20n. Q. E. D. | 
| SCHOLIU M. | 

It appears, from the demonſtration of the 
preced. Prop. that the Refraction is the ſame, 
whether the Star be nearer the Earth, or far- 
ther off (for inſtance, in / or in S,) provided 
their apparent Altitude above the Horizon be 
the ſame: For in this caſe the Right line O re- 
volving above the Axe 7 O, reaches to the ap- 
parent place of /. Beſides, tis probable that 
the Atmoſphere ſpread about the Earth does not 
extend it ſelf to the Moon, much leſs to the 
more diſtant Stars ; and therefore the ſtrait part 
[4 of the line S AB CO, (before ir begins to 
be bent into a Curve by the Atmoſphere) will 
graze upon the next Star ſ. And conſequently 
the Ray procecding from it (namely ) is bent 
in the Atmoſphere into A BCO, after the like, 
pay, afier the very ſame manner, as $ A pro- 
pagated from the more diſtant Star; ſince it ; 

g 


2 
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all one (as to the Refraction made in the At- 

moſphere) whether the Ray begin from S or /. 

Therefore tis contrary to the nature of Light, 

that the Rays of a nearer Star ſhould be refra- 

ted otherwiſe than (all other circumſtances 

remaining the ſame) that of a more diſtant one. 

Tis true that the Angle O & is greater than 

the Angle O /, but the difference of them ſOS 
b owing. to the excels of the Parallax of the 

nearer Star above the Parallax of the more di- 
ant Star, and nct to the Refraction. 


| PoposITION LXV. 
T HE lower Stars are more elevated by reaſon of 
the Refraction at the Atmoſphere, than the 
higher, other circumſtances remaining the fame. 

In Dioptrics 'tis demonſtrated, that in the 
ame Mediums, the more oblique the incidence 
of the Ray is, the greater the Angle between 
he refracted Ray and the incident Ray produ- 


the ed; that is, in the preſent caſe [ Fig. 43.] that 
me, the part 4B of the Ray AB CO, proceeding 
far from the lower Star 5, contains a greater Angle 
ded with $.4 produced, than the part FG of the 


Ray FG KO proceeding from the higher R does 
with RF produced; becauſe SAL is a greater 
Angle than R FL, ſuppoſing that LF produced 
alls upon 7, After the like manner BC will 
contain a greater Angle with A B produced, 
than G K with FG produced, and ſo on; that 
b, the line A BCO is more curved in all its parts 
than FG KO in its correſponding parts, or ſuch 
as are equally diſtant from the Earth. And 
therefore a Right line touching the Curve 
AB CO in O contains a greater Angle with the 
Right line OS, than a Right line at the ſame 
place, touching FG KO with the line a” 
| | ower 
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lower Star therefore is more elevated by the 
Refraction than an higher. 2. E. D. | 
FRA COROLLAZARTI. 

The Place of a Phænomenon when it is in 
the Zenith is not changed by the Refraction: 
For the Rays in this caſe falling perpendicularly 
upon all the Surfaces of the Mediums, of which 
the Atmoſphere conſiſts, are not refracted; but 
going directly to the Eye in O, make the Phæ- 
nomenon appear in the ſame Right line as it 
would appear were the Atmoſphere away. 
And for the ſame reaſon the Eye being placed 
in the Center 7, the Refraction made at the 
Atmoſphere would have no power to change 
the apparent place of the Star; for every point 
in the Heavens would be a Zenith to it. 

| COROLLARY 2 

An account may from hence be given, why 
the Sun or Moon appears of an Oval Figure 
near the Horizon. For ſince the upper Limb 
appear but a little more elevated than it ſhould 
be, and the lower a great deal, the latter by 
the Refraction, will appear to approach the for- 
mer. And therefore the erect or vertical Dia- 
meter of the Luminary ſeems contracted or 
ſhortened, while the tranſverſe or horizontal 
one is not ſo, becauſe its extremities are equal- 
ly elevated by the Refration. For the ſame 
reaſon the diſtance of two Fix'd Stars by ob- 
ſervation is ſenſibly leſs; (if it be meaſured by 
an Inſtrument,) when, both being in the ſame 
Vertical, one of them is nearer the Horizon, 
than when both of them, by reaſon of their 
greater Altitude, are free from all Refraction. 

COROLLARY 3. 

On this account it is alſo, that the Sun and 
the other Stars riſe ſooner above the Horizon, 
and ſet later, than they ought, — to 
| | the ir 
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their places determined by the aforeſaid Me- 
thods. For the Ray flowing from ſuch points 
of the Heaven as are but a little below the Ho- 
zon, are ſo incurvated in the Atmoſphere, 
that the Right lines touching them at their 
extremities,, where they enter the Eye, being 
produced, are above the Horizon. For which 
reaſon the Moon has been ſeen to be eclipſed, 
tho the Sun was above the Horizon; whereas 
one of the Luminaries at that time being oppo- 
ſte (by Prop. 18. B. 1.) to the other, and above 


the Horizon, the other muſt neceſſarily be be- 


low it. Tis to the ſame Atmoſphere diffuſed 

round the Earth, that its Inhabitants owe the 
Sun's ſhining to them longer than it would do 
were there no Atmoſphere; and that when 
the Sun is kept from inlightening any given 
Inhabitant, by reaſon of the Spherical Surface 
of the Earth, thick darkneſs does not immedi- 
ately cover him, but he enjoys a Twilight for 
a conſiderable time, the Light being gradually 
extinguiſhed, | 


ProposITION LXVL 
O define how much a Star appearing in @ given 
T 2 is elevated by Ae RefraSiom: and to 
make a Table of the Refraction of the Stars. 

Chuſe a Star that has no ſenſible Parallax ; 
namely ſome one of the Fix d Stars that is 
elevated much above the Horizon of the Ob- 
ſerver. Let its Place be determined (by Prop.26.) 
by obſervations made when it was elevated 
pretty much, and therefore when it was out 
of the Effects of a ſenſible Refraction. Let the 
time be marked of its coming afterwards to the 
given Altitude, either aſcending or deſcending, 
and find then by Calculation, the Altitude, for 
the time marked, of the Star (whoſe place is 

% known, 
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Stars is made. 2. E. F. | 


es 


known,) and that will want of the obſerved Wl tio 
Altitude, as much as the Star is elevated by the ve 
Refraction in that given apparent Altitude, an 
Alfter this manner may a Table of the Refra- WM nc 
ion of all the Stars be beſt conſtructed, if the ble 
true Altitudes of the Fix'd Stars, agreeing to to 
the times exactly reckoned by a Pendulum WM &i 


Clock, be compared with the Altitudes of the WI fr: 


ſame Star, in the ſame apparent points of time: H 
For the difference between the true and appa-. ¶ tie 
rent Altitude is the Refraction agreeing to that 
Altitude. And fince the Refraction of a Fix'd 
Star at the greateſt diſtance, and of any other 
Star at a leſs diſtance, is the ſame, in the ſame 
apparent Altitude (by Schol. Prop. 64.) tis evi- 
dent that a Table of the Refraction of all the 


9 SC HO LIU M. 

If the Dioptric denſity of the Atmoſphere 
were known in any given diſtance from the 
Earth, or the ratio of the Sine of the Angle of 
jucidence to the Sine of the refracted Angle, in 
the paſſage of a Ray thro' its Surface concen- 
tric with the Earth, whoſe diſtance from the 
Center is known; then by Geometry you may 
find out the nature of the Line, into which the 
Ray is bent by reaſon of the continued Refra- 
ction of the Atmoſphere. Conſequently, the 
Angle being given by obſervation, by which a 
Star in a given Altitude is elevated more than 
it ſnould be on the account of the Refraction, 
the Angle may be defined, by which it is ele- 
vated in any other Altitude propoſed more 
than it ſnould be, the Atmoſphere continuing 
the ſame; that is, a Table of Refraction may 
be made for every degree of a Star's Elevation. 
But becauſe our ignorance of the Law of Re- 
fraction obſerved in the Atmoſphere hinders 
this 
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this, tis better to make the Table by Obſerva- 
20 tion, as in the preceding. But beſides, the di- 
ne Wl verſity of the Atmoſphere in different places, 
and the change of it in the ſame place, on the 
a- zccount of which it happens that the ſame Ta- 
16 dle is not fitted for all places, is an impediment 
to to both methods of making a Table of Refra- 
ction. For in places near either Poles the Re- 
fraction is greater in the ſame diſtance from the 
Horizon, (as is well known from the obſerva- 
tion of ſome Durch Men who Wintered in Nova 
Zembla; ) and in the ſame place at different 
times of the Vear, tis certain, not only from 
the obſervation of the Dutch, but of other con- 
ſderable Obſervers, who make the Winter Re- 
fraction greater than the Æquinoctial,, and that 
gain greater than the Summer one, and form 
intire Tables of Refraction built upon this 
change. But the hourly change of the Re- 


re faction is demonſtrated by the Tops of Moun- 
he gains being ſometimes viſible at a given place, 
of ud ſometimes inviſible, tho' there be no dark- 
in Wn or miſt between: To this purpoſe alſo do 


the Experiments mention'd by Hugens, in his 
Treatiſe of Light, tend and ſerve ; namely that 
the lower part of a Tower or any other thing 
that is immovable is ſeen in the Morning and 
Evening, but the upper at Noon thro' a Tele- 
ſcope continuing fix'd all the while ; and that 
at the ſame place, ſometimes the top of a more 
remote Tower has been viſible, riſing above the 


top of one nearer, and ſometimes it is inviſible. 
le- Now all theſe things, beſides the hourly change 
re of the Refraction of the Rays in the Atmo- 
ns Wl ſphere, demonſtrate the Curvity of them, (from 
ay their nature, as was ſhewn above,) ſince they are 
n. propagated obliquely from an higher to a lower 
- place, and vice verſa, | , 
al | c 
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It muſt be confeſſed that all this change of 
the Refraction is made within pretty narrow 
limits: For the before ſaid obſervations of the 
change of the apparent Altitude of the Sun, 
Mountains and Towers are made only in a ſmall 
Elevation above the Horizon, nor do they reach 
much beyond three degrees above it. The 
Viciſſitude and changeableneſs near the Earth, 
of Vapours ariſing from it, as alſo of Heat and 
| Cold, by which they are rarified and condenſed, 
© | zs ſo great, that nothing certain can be laid 
| down about the denfity of the Medium. Be- 
| ſides, the inclination of the Rays of Light is 
| ſo very oblique at their incidence on the At- | 
| moſphere, when the Phænomenon is not ele- 
| vated above three or four: degrees, that its 
| lace is changed very much by the Refraction. 
ay, ſo denſe yet pellucid a Cloud as it were 
| of Vapours lies ſometimes upon the Surface 


of the Earth, that to an Eye placed above 
without it, the viſible Objects below it, name- 
ly the very low ones, continue unſeen, becauſe 
the Rays do not penetrate the Surface of the 
upper and rarer Medium, but are reflected by 
it downwards; as it is evident from Dioptrics, 
that it ought to be: But ſuch things as are im- 
I mediately above and without it, namely ſuch 
as are a little higher, beſides that they are ſeen 
by the direct Ray, appear alſo inverted by a 
| reflection made at the Surface of the above- 
} mentioned Cloud, juſt as if it were an Hori- 
| zontal Speculum. But theſe things neither be- 
| long to this place, nor directly to Aſtronomy, 
They ſhow in the mean while, that no credit 
is to be given to any Table of Refraction of 
i! the Stars below the third degree of Alritude ; 
'Y nor conſequently to Obſervations made in _ 

ti- 
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of Utitude for determining the place of the Phæ- 
WW nomenon. 5 | | X 


he If a Perſon has a mind to make a Table of 
m, te Refraction of the Fix d Stars, not from Ob- 
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all N ſervation, but upon the Principles of Dioprrics, 
ch ie may proceed the following way very ſafely? | 
he let the Acmoſphere, which is extended 40 or | 
h, Wo Miles high, be ſuppoſed to be divided by 8 bf 
nd Wor 10 parallel Superficies, into as many Medi- 1% 
d, Ions af different denſities; ſo as that the Medi- F 
id Win which lies between the two next Superfici % 
e- my be of the ſame denſity, that at the ſaid Su- # 
is Wyecrficies may be changed inſtantly into a rarer 00 
u- bove, and a denſer below: Not that it is really a 
le- us in nature; for no doubt the denſity of the a; 
its Wiktmoſphere in its deſcent, is increaſed by the wy 
»n. Wſnalleſt degrees. Let theſe 8 or 10 Mediums 14 
re be ſo tempered in regard of one another by Wa 
ce rials, that in one, two or more Alticudes (for wn 
ve be more they are, the more accurate will the 9 
1e- MW Table be) the total Refractions made at all theſes 5 
iſe lediums, may be the ſame with the Refracti- it 
he Whos that are found by the accurateſt Obſerva- k 
by ons, to agree to thoſe reſpective Altitudes. In 
ics, WI vhich caſe the Refraction made in any aſſumed 
m- WAltitude at the ſaid Mediums, and known by 
ch Calculation, according to the Laws of Dioptuics, 
en Wi very nearly equal to the Refraction in the 
1 {W Heavens, agreeing to the ſame Altitude. After 
fe- chis manner alſo will the Line be determined 
ri-ery nearly, into which the Ray is bent in its 
e · ¶ paſſage thro the Atmoſphere. But in finding, 
1y. by this method, the Refraction correſponding 
dic o an Elevation three or four degrees leſs, the 
of WW lower, or two or three lower, ought to be ſup- 
©; WW poſed a little rarer; for they really are ſuch, in 
dat I the vicinity of the Earth, which is heated. 
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Of the. Tables of the Firſt Motion, and 67 
the Fix'd Stars, depending upon the Se- 

J (— 


HO all the Particulars that belong to the 
1 Firſt Motion may be found, by the Me- 
thods demonſtrated in this Book, as occaſion re- 
quires; yet becauſe there are ſome things of 
more frequent uſe, Tables are made for them, 
that they might be more expeditiouſly taken out 
of them, which would otherwiſe require a new 
Calculation every time they are wanted. And 
beſides Tables taken from other diſciplines, as 
of Right lines inſcribed and circumſcribed in a 
Circle, of Logarithms, Cc. Aſtronomical ones 
are alſo made; and ſuch of them as depend 
upon this Book are of two ſorts; namely ſuch 
as are the ſame to the Inhabitants of the 
whole Earth; which regard either the Firſt 
Motion, or the Fix d Stars; or ſuch. as only 
hold in ſome certain place of the Earth. 


P ProeosrTION LXVII. 


O deſcribe Tables common to all the Inhabitants 

of the Earth, relating to the Firſt Motion. 

The Equator and Ecliptic are the ſame to all 
the Inhabitants of the Earth, and they are of 
conſiderable and frequent uſe in Aſtronomy : 
The former, becauſe it is the mean, and as it 
were the Standard of the Firſt or apparent Di- 
urnal Motion of the Heavens ; the latter, be- 
cauſe it is the Way and Path of the Sun, (who 
is the governor of the Days and Seaſons.) =p 
| mutua 
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mutual habitude and reſpect of theſe Circles to 
one another in all their points is diſpoſed into 
Tables: That is, to every degree of the Ecliptic, 
nacked with its proper name, (that is, the num- 
er it bears in the Sign) are annexed to the cor- 
reſponding Declination from the Equator, Right 
Aſcenſion, and Angle that the Ecliptic compre- 
ends with the Meridian; as is ſhewn in Prop. 20. 
Ind therefore theſe three Tables are put together 
bone very commodiouſly, under the univerſal 
lle of The Declination, and _— Aſcenſion of eve- 
agree of the Eclip ic, and of the Angles of the E- 
rie with the Meridian. And becauſe in ſuch 
ables, either the ſame number recur, or the 
ne increaſed by a Quadrant, a Semicircle or 
dee Quadrants of a Circle; in the making of 
tem there will be no need of carrying the Cal- 
tation beyond one Quadrant, ſince the re- 
wining part of the Table flows naturally from 
former, either by the change of the firſt Co- 
mn or by Addition only. | 

belides, ſince the intire apparent revolution 
[the Celeſtial Equator makes a natural Day, 
M proportionally in the parts of this revolu- 
in, by reaſon of the equability of the diurnal 
lotion of the Earth ; they make a Table, our 
which the time correſponding to each part of 
revolution of the Equator, and on the con- 
ry, the part of the revolution correſponding 
dany time, may be taken. And becauſe among 
iter Nations, where Aſtronomy is cultivated, 
e natural Day is divided into 24 Hours, and the 
lour in 60 Minutes, every one of which again 
divided into 60 Seconds, and ſo on; the afore- 
1 are accomodated to this diviſion of 
de Iime. 
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+... » ..ProPo8tTTION LXVIIL. 
No deſcribe tbe Tables which relate to the Fix} 
Start, that are common to all the Inhabitants o 
the Earth. ©. $9156 '* a the 2s 
The Places of the Fix'd Stars, in regard o 
Longitude and Latitude, are diſpoſed of by the 
methods explain d in Prop. 29. Such a Table (or 
Catalogue) as this, is the foundation of the whole 
Science of the Stars: And becauſe the places of 
the Planets are found, by knowing the places of 
the Fix d Stars, Aſtronomers are very careful in Ih. 
noting the places of the Fix d Stars, as are in the 
Zodiac; not only thoſe as are only ſeen by the u 
naked Eye, but ſuch alſo as are ſeen by a ſmal 
Becauſe the Longitude of the Fix d Stars con d. 
tinually increaſes, by reaſon of the regreſs o 
the Equinoctial Points, the Table of this Regreſs i 
annexed to the Catalogue of the Fix'd Stars; tha 
is, tis ſhewn how much it is in a Year, any parti 
of a Year, or collection of Years, ſo that ther 
Tabular Longitude of a Fix'd'Star may be ve 
eaſily corrected by this means. Copernicus and o 
thers following him, reckon the diſtance of tht: 
Fix'd Stars in the Ecliptic toward the Eaſt, fron ba 
the preceding of the two in the Horn of Aries ir 
as was ſaid before: By adding to this Arc (in an lt 
conſtant Fix d Star) the diſtance of the Verna or 
Equinoctial point, perpetually augmented fron ui 
the ſaid firſt Star of Aries, to be taken out Had 
that other Table, you make the Longitude o 
the Fix d Star from the Vernal Equinox. 
Becauſe the Right Aſcenſion and Declinatio 
of ſome of the more conſiderable Eix d Stars arc 
of more frequent uſe; and to find them out b 
the Longitude and Latitude given (by Conver 
Prop. 27.) as often as there. is occalion of do Kc 
* wouulc 
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would be very tedious; ſuch as have a mind to 
others ſo much trouble, form to a given 
time, 4 Table of the Right Aſcenſion and Declination 
the more conſiderable Fix'd Stars, adding the dif- 
rence of each for a certain nutaber of Years, 
in which they ſuppoſe their change, as to ſenſe, 


© 

the s be equable. RT 

(or To the abovementioned Tables of the Motion 
ole the Fix d Stars is alſo added 2 Table of the Re- 


faction of the Stars, made for the different Alti- 
nde of them above the Horizon (by Prop. 66. 

The Altitude of any Star obſerved is to be leſ- 
kned by the correſponding Refraction, that it 
my become true; or the true Altitude (found 
tom the true place, at a given time, by Calcu- 
tion) is to be increaſed by the (aid Refraction, 
hat it may become the apparent Altitude. This 
Iferent Altitude of the Star from Refraction in- 
tices a diverſity of its Place in regard of Longi - 
ade or Latitude, or in any other Circle, after 
be ſame manner with that ſhewn before in the 
hrallax. We have reckoned this Table of Re- 
n&ion here among the Tables of the Fix'd Stars, 
% it might more properly be refer d to the pre- 
eding, as what is eommon to every Celeſtial 
hznomenon : Others in the mean while will 


lat are to be deſcrib'd in the following Propoſi- 

ton, ſince different Tables of Refraction are re- 

yiſite for the different denſity of the Atmoſphere 

u different places. 

| ProeosITtitoN LXIX. 

O enumerate the more common Tables, whereitt 
the ſituation f the more conſiderable Places upon 

ie Earth 5 in ar of 

the Equator, is deſcribed, and thoſe wherein the Time 

reckoned in any of them is reduced to the Time reckoned 


Keording to the cuſtom of any other, 
| * 75 b 2 In 
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hink it ought to be reckoned among the Tables 


one another, and in reſpect of 
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In che Catalogue of the moſt conſiderable Pla- 
ces, you have the Elevation of the Pole in that 
place ſet down by it, (determined by Prop. 17; 
to which the Latitude of the Place is equal. 
There is alſo ſet down the difference (found by 
Prop. 32.) of the Firſt Meridian (whether it be ſup- 
poled to paſs thro? the place where the Aſtrono- 
mer lives, or through the Azores or Fortunate 
Hands) and of the Meridian of that place, and 
it is expreſſed in parts of the Equator, or in 
Hours and parts of an Hour. Thus we have the 
ſituation of theſe places to one another, and to 
the Equator ſettled, and may make uſe of it as 
occaſion requires in Geography or Hydrogra- 
phy. The Hour reckoned in one of the Places, 
wich the difference of the Meridians, expreſſed 
in Hours and parts of an Hour, added to it, 
gives the Hour reckoned in the more Eaſtern 
place; but ſubtracted from it, ſhews the Hour 
reckoned in a more Weſtern place, provided both 
places make uſe of the ſame ſort of Hours; but 
if they uſe a different ſort, they are to be reduce 
to the ſame by a proper reduction. 
Lou have alſo Tables for the mors expeditiou 
reduction of any Time in one of the places ex- 
preſſed by any Calendar, and reckoned from any 
known Epocha, into Time of any given form i 
the other place. For ſince (by Prop. IT. and 12.) 
both the Epochas may be compared together, and 
the various forms of the Years among differen 
Nations, the grounds and method of conſtru 
cting theſe Tables (which are as neceſſary for 
Men of Buſineſs and Hiſtorians, as Aſtronomers) 
is evident. | IT" >505 + BETTS 
\ Beſides, the Circles diſtinguiſhing the Climates 
and Parallels are reduced into Tables by ſome. 
For if you begin at the Equator, the quantity of 
the longeſt Day is had, at the end of each Cli- 
4 12 mate 


* ”_ © 


at Wnace and Parallel, or the beginning of the next; 
) Nat is, the continuance of the Solſtitial Boint 


al. Wiwards the vifible Pole above the Horizon. There 
by We allo given the Declination of the Solſtitial 


point (namely the Obliquity of the Ecliptic) and 
he Right Aſcenſion: The Elevation of the Pole 
u that place therefore is alſo given; that is, the 


nd Wiſtance of the Circle bounding the Climate or 
in Wharallel propoſed from the Equator. les 
the * 4 11 | 

toll  - PoeosITION LXX. „ 
© as O deſcribe the more common Tables, by which the 


ra- Problems of the Firſt Motion, in different places 
ces, WW the Earth, are more readily ſolved. 1 
ſſed kor the finding out the places and times of the 


ing and Setting of the Fix d Stars and other 
leſftial Bodies, whoſe Places are known, and 
blving other Problems about them, Calculation 
commonly uſed, as occaſion requires. But be- 
uſe the uſe of the Sun's Motion is more conſi- 
mble and frequent, and the Sun itſelf in its 
unual courſe, is in different degrees of the E- 
liptic ;\ Tables are made for all Latitudes, to 
the reſpect of theſe points to the Horizon: 
at is, for every degree of Latitude from the E- 


m inWror, the Difference between the right and ob- 
12. Nie Aſcenſion of every degree of the Ecliptic 
andi bund by Prop. 33.) is added to that degree of the 
rent iptic expreſſed by its name, out of all which 
ſtru- Table is made, or rather a heap of Tables; for 
for eed every degree of Latitude ſhould have a 


lable, extending to the ſeveral degrees of the 
Kiptic. Theſe ſort of Tables are called Tables 
nates the Aſcenſional Difference. 

The Aſcenſional differences being thus reduced 
Itto Tables, the oblique Aſcenſions and diurnal 


e in like manner eaſily reduced into Tables by 
B b 3 bare 
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Arcs of every one of the degrees of the Ecliptic 


4 | 
2 
L } | 
a 
4 
5 
| j 


. 


FRI - * 7 . 2 = : . 
* Lo” "Ty _ * * * . l 8 
* „ 
* 8 * * N ä 
* 1 
- 


314 The ELEMENTS Book II. 


bare Addition and Subſtraction; and from thence 
the Hours of the Riſing and Setting of the Sun, 
when in thoſe points. But theſe Operations are 
ſo eaſy, as that they: are uſually left to the pain 
of every one that makes the Calculation; ex 
cepting, that generally an Aſtronomer, that i 
pretty much taken up in ſupputations, has the 
already calculated for the place of his own Habi 
tation. And ſometimes alſo he has by him Table 
(made by Prop 33.) of the Ortive Amplitudes of the 
degrees of the Ecliptic, either for ſeveral Lati 
tudes, or at leaſt for his own. l 
There is another ſort of Table (to be made by 

Prop. 35.) of the Angle of the Eaſt, namely tha 
which the Ecliptic makes with the Horizon, fo 
the different points of the Ecliptic riſing in 
given Latitude, or (which comes to the ſame) © 
the Altitude above the Horizon of the Nonageſin 
Degree from the Eaſtern point. And becauſe i 

- Calculating Eclipſes of the Sun and other thingy 

there is very great uſe of this Angle, Tables of i 

are made for every degree of Latitude from th 
Equator to the Pole. 

And fometimes Tables of the Beginning an 
Ending of the Morning and Evening Twiligh 
- ,gre made (by Prop. 39.) for the degree of the 
- <liptic that the Sun is in, and for different Lat 
tudes, or at leaſt for the Latitude of their ow 
Habication. 

In making all theſe ſorts of Tables, there ar 
ſeveral compendiums of the calculation and pain 
that occur, ſuch. as are ſhewn in Prop. 67 ; and 
morter and more elegant way of ordering the 
Tables may be had from thence. 
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DF the T Feaky of the Primary 
Planets. _ 


N the Firſt Beck, we have fhewn whar Laws 
a Planet muſt move by, to deſcribe an El- 


JAIN lipſe about the Sun placed in one of its Foci, 
nd Which Figure only the Phænomena will admit of, 
hes Kepler has ſhewn at large, in his Commentarics 


of the Motions of Mars, and all Aſtronomers now 
allow of. The ancient Aſtronomers themſelves, 
together with Prolemy, (who were for admitting 
nothing but perfect Circles in the Heavens, 
Which ſeem'd the molt proper for Bodies that were 
1 f B b 4 not 
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city, and deſcribed the Orbit of the Planer 


but the latter ſomething ſmaller ; which diffe 
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not ſubject to generation or corruption, ſuch as 
they took the Heavenly Bodies to be,) al moſt come 
into this opinion, being compell'd by the Phæ- 
nomena themſelves, ſince they have imagined a 
motion really unequal in the Excentric, but e 
2 in the Equant Circle, whoſe Center was as 

ar beyond the Center of the Excentric, as the 


Center of the true Motion was on this ſide of 
it; that is, ſince they biſſected the Excentri 


from the point of biſſection as a Center. Fo 
ſuch an Excentric circular Orbit of a Planet 
does not differ from an Elliptic Orbit, whoſe 
Foci are the ſaid Centers, excepting that the 
former is ſomething thicker about the middle 


rence of the thickneſs of the Orbit is almoff i 
Jenſible in moſt of the Planets, by reaſon of the 
ſmallneſs of the Excentricity, and not diſtin 
guiſhable by the obſervations of the Ancients 
Tho' Kepler, in Chap. 44. of the ſaid Commentaries 
has made it out very clearly and unqueſtionably 
from the obſervations of Tycho.. *Tis true Prole 
my uſes an Excentric in the ſimple Theory of the 
Sun, and does not think that the Excentricity 0 
the Orbit is to be biſected; but in every one o 
the other Planets, beſides the Epicycle (by which 
he explains the Phænomena really ariſing from the 
motion of the Earth, which he did not acknow- 
ledge) he uſes (Cb. 5. B. 9.) an Excentric deicribed 
upon the Center biſecting the Excentricity. Nay, A 
Copernicus himſelf took the perfection of the moti- 
on and way of the Planets to be fo firm, that upon 
ehis account he thinks (Ch. 2. B. .) the biſection of 
the Excentricity ought to he rejected, becauſe it 15 
abſurd to grant that an equality of circular motion can 


be made upon 4 ſtrange Center and not upon its oun, þ 
(which that it is was once Prolem) q Opinion, is 15 
wh | ent 
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dent from Chap. 3. Book 3. where he ſays that all 
the motions of the Stars are equal and circular by na- 
me; that is, (as he himſelf explains ic) that all 
the limes, which are underſtood to carry about the Stars 
nr their Cireles in all ſimply equal Times, intercept equal 
Angles at the Centers of each Circulation, tho' he af- 
terwards changed, in B. 9. already quoted,) and 
"43a of the ſame Book, he would rather have 
m Epicycle and a ſimple Excentric introduced, 
performing the ſame as an Excentric and Equant 
do; or even a Concentric with two Epicycles. 
But thale exact and repeated obſervations of 
Hebo had not then been made, that Kepler wholly 
lepends upon when he demonſtrates that the Or- 
its of the Planets are Elliptic ; tho Ricciolus infi- 
;uates by the by, that Kepler began to ſaſpe& that 
the Way of a Planet thro' the Fither was Ovi- 
orm; his natural ſagacity taking the firſt hint 
of it from ſeeing the Oval Figure that Reinboldus 
added in the end of Purbachius's Theorics belong- 
ing to the Moon. Therefore in ſuch a true El- 
iptic Orbit of a Planet A LP, where S [Hg. 1. ] 
me. Focus is the place of the Sun, 45 the line 
of the Apſides, 4 the Aphelion, P the Periheli- 
on, L the Place of a Planet taken at pleaſure, 
the Area ALS contained under the Right lines 
A, SL, and the Elliptic Curve AL (computed 
from S A in conſequentia) is called the Mean Anoma- 
h, that is, Equable ; for this Area increaſes equa- 
bly, namely in the ſame ratio with the time : 
And the Angle 45 L, contain'd by the line of the 
Apſides SA, and Radius S L that carries the Pla- 
don net, is called the Coequate or True Anomaly. For it 
1 of, proper that the Cultivators of a Phyſical Aſtro- 
it is nomy, ſhould recede as little as may be from the 
can ancient Terms of Art; being not only eſtabliſned 
1, by uſe, but really the fitteſt for that purpoſe. 
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SECTION I. 


Some General Things belonging to the The- 
ory of all the Planets. 


ProPosITION I. LEMMA. 


F upon the greater axe PA, of the Ellipſe OBA W447 
[Fig. 2.] whoſe Center is C, as a Diameter, you 0 
deſcribe the Circle PDA, and from a point G taben { 
at pleaſure in the Circumference of the Circle, a Per- WO 
pendicular G E be let fall on PA, interſecting the El- 
lidſe at L; and from ſome point in the Axe AP ( for in- Milo 
ſtance from one of the Foci as S) to G and L, the Right Wild: 
lines SG, SL be drawn ; the trilinear Figure. A GS U 
contained under the Right lines SA, SG, and the Cir- in 
eular Curve AG, will be to the whole Circle, as the 6! 
trilinear ALS contained under the Right lines S A, ST. Wn 
and the Elliptic Curve AL is to the whole Ellipſe. Fic 
Draw eg parallel to EG, meeting the Diameter e 
in e, the Ellipſe in I, and the Circle in g. Then WO 
(by Prop. 21. Book 1. of the Conics of Apollonius) e {Won 
will be to CB in the ſubduplicate ratio of the A 
rectangle under Pe, e A, to the Rectangle under Wtri 
PC, CA, or CD4: And eg to CD is alſo in the Wit 
ſubduplicate ratio of Pe x e4 to C Da; therefore 
(by 11 Elem. 5.) e] is to CB, as eg to CD; and MIT 
therefore I: eg:: CB: CD; that is, in a given 
ratio. And fince this is always done, all the e MW « 
inſiſting upon EA, will be to as many eg; that 
is, the Elliptic Semi-ſegment AL E to the Circu- 
lar Semi-ſegment AGE, in the fame given ratio 
of CB to CD. Again, (by Prop. 1. Elem. 6.) the 
Triangle LSE, is to the Triangle GSE as LE to 
GE; that is, (as has been already ſhewn) as CB to 
CD ; from whence.(by Prop. x2. Elem. 5.) ALE 
and LSE together, i e. ALS is to A GE nal 
| G 
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CSE together, or 465, in the ratio of C B 
o CD: And after the like manner, in that 
fame ratio of CB to CD are all the e! inſiſting 
pon the whole P 4 to as many eg ; that is, the 
ſemi-eltiple P BA to the Semicircle P DA. And 
therefore ALS is to AGS, as the Semi-ellipſe 
?BA to the Semicircle PD A, or as the Ellipſe 
to the Circle. And on the contrary the trilinear 
{LS is to the whole Ellipſe, as the trilinear 4G S 
to the whole Circle. .9. E. D. 

Conſequently; if the Semi-ellipſe P B 4 werg 
ropoſed to be divided into two Segments having 
given ratio, by a right line S L proceeding 
om a given point S in the Axe, it is ſufficiene 
to divide the Emicircle PDA (in ſome reſpect 
nore known than an Ellipſe) by a rigfft line $G 
in the ſaid ratio, and to let fall a perpendicular 
GE from the point G, on the Axis PA meet- 
bg the. Ellipſe in L: For the right line S L. di- 
ndes the Semi-ellipſe PB Ain the ſame ratio as the 
ſemicircle PDA is divided by the right line SG : 
Or if A BP be an Elliptic Orbit of a Planet, in 
me of whoſe Focus S, the Sun is; as the Mean 
Anomaly of the Planet in L is repreſented by the 
trilinear figure A LS, ſo it may alſo be repreſen- 
ted by the trilinear figure 4 GS. | 


PRO POSITION II. 
H E Orbit of a Planet being given, to determine 
by calculation, as many Mean Anomalies and 
torreſponding True ones, as you pleaſe. 
Let the Elliptic Orbit given be ALB, 
Eg. 3.] in one of whoſe Foci 8 the Sun is 
placed. Let A be the Aphelion, P che Perihe- 


lion, C the Center, CA or CP the Mean diſtance 


of the Planet from the Sun, CB D perpendicu- 
lar to AP. In the Circle A DP, deſcribed about 
the greater axe as diameter, take at pleaſure 
from 4, the arc AG, or angle A CG, expreſſed 


by 


by the number of Degrees and Minutes (as is u 
foal.) And becauſe (by 23 Elem. 6.) the arc 4G 
is to the whole circumference, as a ſector Acc to 
the whole circle, if the Circle as well as the Cir- 
cumference be ſuppoſed to be divided into 360 
equal parts, or circular ſectors correſponding to 
the degrees of the circumference; the ſame num- 
ber that expreſſes the arc 46, expreſſes alſo the 
circular ſector 4 6 C; the latter in ſmall ſectors, 
the former in ſmall arcs, either of theſe Kepler 
calls the Anomaly of the Excentric. But from 
the dimenſions of a' Circle, (accurate enough for 
Calculation, ) the ratio of the ſquare of the Semi: 
diameter to the whole Circle is given; and from 
the ſpecies of the Orbit given, the ratio of the 
mean diſtance BS or C 4, and alſo of the leſſer 
Semi-axe BC to the Excentricity SC is given; 
and from thence the ratio of the Triangle BCS 
to the ſquare of the Radius ; and from the ratio 
of the arc aſſumed are AG to the quarter of the 
Circumference AD, is given the ratio of the Sines 
of them, viz. GE to DC, and conſequently of 
BC to G E, that is, (by 1. El. 6.) the ratio of the 
Triangle BCS to GCS. In the parts therefore, of 
which the Circle contains 3 6o, there are given the 
ſector 46 C and the Triangle GCS, (whoſe ana- 
logous one LCò is call d the Phyficalpart of the Equa- 
tion, as the angle S LC the Optical part ; ) and there- 
fore the trilinear aggregate of them 465, which 
in the preceding Prop. is ſhewn to be proportio- 
nal to the trilinear ALS, and conſequently may 
juſtly repreſent the Mean Anomaly. For if the 
whole area 4 BP of the Elliptic Orbit be imagi- 
ned to be divided into 360 equal parts, the part 
of it ALS, namely the Mean Anomaly of the 
Planet in L, will contain as many parts of it, as 
AG& contains: ſimilar parts of the circular Area 
ADP; and ſo will be expreſſed by the fame _ 
WT er. 
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er. Again, in the triangle 6 CS, the ratio of 
he Sides GC, CS being given, (the Mean diſtance 
me Planet from the Sun to the Excentricity) 
Wd the contained Angle GCS, (the complement 
ptwo Right of the Angle A CG aſlumed,) the 
Ingle GSC (by 41 of the Data) will be given; 
ud therefore alſo 48 L the Coequate Anomaly, 
umely the Angle whoſe Tangent EL is to EG the 


the ngent of the Angle 45G, found before, in the 
2rs, o of the leſſer ſemi- axe CB of the given Orbit, 
dier che greater ſemi-axe CD. And ſince the mean 
om ad true Anomaly, found by calculation, agree 
for MWothe ſame aſſumed Arc AG, they will alfo agree 
ni. Which one another; or one will correſpond to the 
om Miter: And after the fame manner any other arc 
the Wy be aſſumed, and the agreeable Anomalies, 
Ter Wiz. mean and true) determined thence by calcu- 
n; ion, which will conſequently be correſpondent 
one another. a | 

tio ProeosITION III. 

the HE mean Anomaly of a Planet being given, whoſe 
nes Orbit is given, to find hy calculation the true A- 
of Nl and Diſtance of the Planet from the Sun, and 
he converſe, #, 5 7 | | 
,of Kepler, at the end of Part 4 of his Celeſtial Phy- 


V ſays, that there is no direct method of Cal- 
uation for ſolving this Problem. How the 
aculation of the Problem may be perform'd by 
n indirect method, and fit enough for Aſtrono- 
| tical uſes, is now to be ſhewn. In the Circle A DP, 
0- Wife. 3.) toudhing the Orbit in the Aphelion and 
ay Whcrihelion, let the arcs AG or angles AC G of the 
he omaly of the Excenter, be taken, exceeding 
i- ene another by ſingle degrees. For every one of 
rt Item (by the preceding) find the correſponding 
he Momalies, viz. the mean and the true. When a 
as WCanon of the Mean and correſponding Coequate 
ea Wanomaly, for a given Orbit of a Planet, is made 
N- to 
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| to each particular Arc of the Ano of the 
4 Excentric, look among them for 8 * 
q maly given; the correſponding true Anomal 
4 is that which is ſought. But if the mean Anoma 
; ly propoſed, is not found among thoſe in the 
Canon, the true Anomaly ſought will be found 
(after the manner commonly known) by a pro 
portional part. If you are to work withou 
Tables, Kepler adviſes the uſe of the Rule of Po 

ſitions (call d alfo the Rule of Falſe;) by ſuppoſingWre 
YH the Anomaly of the Excentric AG an arc, o 
0 As an angle, or 46 Ca Sector, ( for theſe 
| three are expreſſed by the ſame number) to be o 
4 as many parts as you pleaſe, and by adding o 
ſubtracting from it, ſo aſſum'd as there is need 
an analogous Triangle congruous to the Phyſical 
part of the Equation, namely G SC, to mak. 
the mean Anomaly 4G 5, fot if it comes out c. 
great as that propoſed, the Anomaly of the Ex 
center was well put, and the true Anomaly tha 
agrees to it is the Anomaly ſought; becauſe fit 
ting the given mean Anomaly ; but if it does no 
come out ſo great, the Poſition is to be corrected 
by that which does come out, and the operatio 
is to be repeated. For finding the Diſtance of thi 
Planet from the Sun, you have in the Trianglah. 
ICS, the Angle LS C given, namely the abovli 
found coequated Anomaly; alſo the Angle LCS 
the Supplement of the Angle LCA, whoſe Tan 
nt is to the Tangent of the Angle ACG of the 
8 of the Excentric, as the leſſer axe of the 
Orbit to the greater; the Excentricity SC is alſc 
given, from whence the diſtance SL of the Pla- 
net from the Sun becomes known. 
And after the like manner, may the Mean Ano 
1 maly be determined from the given True one, ei- 
_ ther by Tables already made, or by the Rule 0 
3 Falſe Poſition, - + 
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bh 2 PROPOSLITION IV. 
O divide a Semicircle in a given ratio, by a right 


ma line drawn from a given point of the diameter. 
the Let 4GB | Fig. 4.] be a Semicircle, C its Center, 


1B its Diameter, and & a point given in the Di- 
meter; from whence a right line as SG is to be 
lawn, cutting the circumference in G, ſo as that 
te Area AGS may be to the Area BH GS in a 


ſing ren ratio, namely as p to 3. Suppoſe it done, 

ound from 6 on AC let fall the Perpendicular 
heſd . Let the Semidiameter AC or CB be called 
e of; AE, x; let m be a fourth proportional to the 
g oi iht lines SC, CA, and the Semicircumference 
eed B. Then Semcircumf. x Radius = twice 


le Semicircle = SC x n, or m = e Again, 
ice by ſuppoſition, area 46S: area BHGS :; 
1:9, th. Semicircle A HB: area AGS::p+9:p; 
pxXAHB=p+9gxAGS, and conſeq. 2 468, 


Px2AHB pm then i Px2A HB 
pt =, is a = == 
F175 f ri 


>; Or, axSC=2AGS. Towards B take 


IT, fo to C B, as C B is to CS; and call AT, b, 
len is CT lr, and th. SC ==; and SCS 
J 2 


* 2 AGS = þy. And ſince CE=r— x, th. 


[JE =r —x + 2 Alſo 2 46 SS 2246 E 


> 2GSE=2 AGE + GEXES. But, by 

he Doctrine of Series, in a Circle, whoſe radius 

br, the Segment whole verſed Sine is x; that is, 
1 5.9 

| "& gt 2x7 2 27 . 

146 E 44/2 Xr2 x 702 5 1 
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Hence 2 4 SEG/=(SE xXEG =r + x + x EG) 


. 14 3 1 ni 
—— 3": 2 es , 
= | = r — Cc 
. 1 2 
N E An * rx t 5 
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ira 8 | 
But += = 2 AGS= 2 AGE + 2 SEG, there- 
fore, by reducing the Equation according to Art 


vou will find that 60 
-z 3 | CY 3 3 
W 47; 2467 7 2 2. 
arg Vauby 1. — oe 4 v/2xbr xt VX. KY 
wy 3y2 R 20 ba 
7 _26b* 5 4h 2. 4b* 14 
Th. 24 „„ ie nc 
py: 2702-43 # gr 4s 45 le 
ch. Se 207 adi r ta 
«X == 4 — — —ê 


25 ar 186 885, 2h. * br 
Taking therefore AE equal to fo many terms o 
this Series as you pleaſe, and from E erecting 
EG perpendicular to 4 B, it will meet the Cir- 
cle in the point G ſought. ©. E. F. 

And (by Prop. I.) the fame EG will meet any 
Ellipſe A R B, deſcrib'd upon the greater axe AB, 
in L, ſo as that SL being joyn'd will divide the 
Semi-Ellipſe AK B into two parts ALS, BK LS, 
having a 5 ratio to one another. 

The leſs the diſtance of the points C and 5 

(that is, the leſs the excentricity of the Ellipſe) 
and the ratio of pto q, the fewer terms of this 
Series will ſuffice : For the ratio of ↄ to q ought 
to be ſmall, that the Series, expreſſing the value 
of the Segment AG E, may ſoon converge ; that 
is, that few of its terms may be very near equal 
to the Segment. - N . 

I formerly publiſh'd this Solution of the Pro- 
blem before us, in a Geometric Exercitation concern- 
ing the Dimenſions of Figures, Printed at Edinburgh - 

* 3 the 
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the Year 1684; but I thought it would not be a- 
iſs to inſert it again here, as its proper place. 
„ 7s frſt thus done by Mr. James Gregory, and 


ummunitated to My. John Collins, in 4 Letter dated 
april che-9th 1672, from St. Andrews. ks 

 - PrRoPosrITION V. 
O divide an Ellipſe that is not very excentric, bj 
a right line thro one of the Foci, ſo as that the 
on of the Elliptic area contained between the greater 
lie and the Line to be drawn, may be very nearly to 
th hole Ellipſe in a given ratio. = | 
The method delivered in Prop. 4. of finding the 


rt 


nd indirect: But any Geometric one, however 
legant, (as is that formerly given us by the pro- 
nated Cycloid by Dr. Wallis, is not fo fit for A- 
* 6 Mfronomical' Calculations ; and that which does 
Aby Series (as Prop, 4.) is too laborious; on whicti 


>: tions, eſpecially the following one. — 


Let the Ellipſe propoſed be 4 LP, [Hg. 5. 
thoſe Center is C, one Focus 5, the Gar N 


Fs om the Focus S a right line SL is to be drawn, 
the WW as that the Trilinear ALS, may have "_y 
LS, ry 2 given ratio to the whole Ellipſe 47 P. 


At one of the Foci F, make an angle AFL, ha- 


ing the ſame ratio to four right, as the trilineat 
pſe) Wigure 4 L ought to have to the whole Ellipſe, 
this choſe Leg FL meets the Ellipſe in L, and the 
icht une 8 L will perform the thing propoſed very 


tearly,' For if the Foci S and F coincide with 
de Center C, it will be exactly, as is evident 
dom Prop. 33: Elem. 6; tlie error therefore is as 
treat as that which proceeds from the Excentrici- 
Pro- My: If chat therefore be ſmall, that is in an El- 
cern- Mipſe not very excentric, the area ALS is to the 
rh in hole Ellipſe as the Angle AFL to four right 

che Nugles; chat is in a given ratio, | 

| G 


alue 


sc Ho- 


me Anomaly by the mean, is reckoned tentative 
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eine 
Kegler him 
3 om. the mean one given, but to determine 


the Orbits of all the Planets, as well in regard 
5852 bo of 
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o their figure and ſituation, as in regard of their 
magnitude, (taking the Orbit of the Earth as a 
geaſure.) But ſtill he has nor wiped off that Aua, 


e- 

ght , = cles ver to Affronomy 3 For he ſolves. 
us, Wis Problem of Aſtronomy, not according to 
de- true and genuine Syſtem, whereby Kepler 
© 1: Wd challenged Geometers to ſolve them; but 
2% fictitious one, that comes very near the 
ear de one. Notwithſtanding, the method of his 
nlyWlronpmy is of very great uſe: Since the Or- 


Wis of the Planets are not very Excentric Ellip- 
but ſuch as come pretty near to Circles, nor 
ws mard's Hypotheſis, wherein he makes the 
tion about the Focus, which the Sun is not in, 


the able, differ much from the accurate one; and 
to be of very great ſervice in determiging the 
ua fits of the Planets very nearly, which may 
lowly repeating: the Calculation, as ſhall be ſhewn 


low,!) again be made more accurate at pleaſure. 
Tis true that 1/mael Bullialdus, in his Philolaic 
Seto enomy, While he makes every Planet move in 
„ 28 lliple, and cuts this Ellipſe out of a Cone, ſuch 
ice; chat the Axis of the Cone paſſes thro' one of the 
Eli of the Ellipſe; and laſtly, while (Cp. 15. 
nich r.) he makes the motion of the Planet about the 
tru-ne and in Circles parallel to the Baſis of the Cone; 
ean cul; he has ſuppoſed the equable incre+ 
red ent of the Angles; at the Focus in which the 
pro- In is not; (namely that through which the 
s hes of the Cone paſſes, ) that is, the Hypotheſis 
er #ard; without knowing of it: Nor did he 
y i aderſtand it, till Ward inquired into the foun- 
jeo- tions of his Aftronomy, and demonſtrates it in 
ted) e firſt Chap, of his Inquiry. And Bullialdus him- 
find af, who had commiſerated Kepler on the account 
naly his miſtakes and defects in Geometry, there 
zine Mitets with what he deſerved at the hands of 
rard rd, who ſhows Bullial dus (beſides the ſeveral er- 

oi. 6 Ce a rors 
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rors, which he had committed and ingenuouſly 
confeſſes in his Found. of Phil. Aftr- afſerted againſt F, 
Ward,) that he did not throughly underſtand his 
own Hypothefis, while he ſappoſes, without 
knowing it, that the motion about the Focus of 
the Ellipſe, in which the Sun is not, is equable 
which notwichſtanding had he throughly known 
it, he would have finiſhed the greateſt part of hi 
Aſtronomy much better and eaſier. | 

And Count Pagan has alſo ſeriouſly embraced 
this ſame Hypotheſis, namely of an'equable an 
lar motion of a Planet about the other Focus of a 
Ellipſe, in which the Sun is not placed, for trax 
and genuine, and has publiſhed in French at Pariſ 
An. 1657, a Theory of the Planet, built upon it 
and at the end of his Theory, has boldly throw 
upon the miſtakes of the Obſervers, "the diſagre 
ment of it with the Heavens, which is greate 
in the Octants from the Apſides. And tho? thi 
Theory of Pagan comes a full Year after Ward's Ge 
metrical Aſtronomy, and three at leaſt after the Jy 
quiry into the Foundations of Bullialdus's Aſtron. Phil 
laica, (where he had laid down the foundations o 
all his Aſtronomy, and conſtructed moſt of th 
Problems;) yet Pagan goes no farther than the de 
termining the place of a Planet in its Orbit be 
ing given at an aſſigned; time, and its diſtanct 
from the Sun; that is, the eſtabliſhing the prin 
ciples themſelves of Aſtronomy ; omitting all thi 
comparative Aſtronomy, in the cultivating o 
which by Geometry, the Accurate Ward has we 
employed his pains. ln 

+ n SO 

Uppoſing the approximation lately deſcribed to be ac 
g Dan e is, in the Hypotheſss of Ward 
the Mean Anomaly being given, to find the coequatei 
Anomaly, and the Planets Diſtance from the Sun in 
given Orbit. UNC R 0TT 


1 Le? 
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Let A L [ Fig. 6.] be the Elliptic Orbit of the 
Planet about the Sun placed in 8 as a Focus; 
t its Aphehon be 4, Perihelion P, greater 
he 4P: From the Mean Anomaly the angle 
{FL given, the coequated Anomaly is to be 
und, namely the angle ASL, and the Diſtance 
i the Planet in L from the Sun, viz. SL; that 
j, the ratio of this right line to FS or AP. 
Produce FL to B, fo that LB may be equal to 
; and join BS. And becauſe (by Prop. 5 2. B. 3. 
nie of Apollonius) FL and LS taken together are 
al co the axe AP, FB will be equal to the ſame 
. And therefore in the Triangle B FS, the 
des B F, FS, and the Angle intercepted EFS, 
e complement of the Mean Anomaly given AFL 
two right or four right angles, (according as L 
kin the firſt or ſecond Semicircle of Anomaly;) 
e Angles FSB and FBS or LSB will become 
down, whoſe difference ASL is the coequated 
nomal ſought. Beſides, in the Triangle LFS 
thrit the angle LFS and ſide FS are given, and 
ww the angle FS L is found, and the remaining 
ke FLS ; therefore the Side LS will be found in 
E parts of the given diſtance of the Foci S; 
lat is, the Diſtance of the Planet from the Sun. 
E. F. 
n finding the angles FS B, FBS, in the triangle 
, when BF, FS, and the angle BFS are given; 
by the common Rule of Trigonometry,) B F and 
together are to BF leſſen d by FS, as the Tan- 
ent of half the Angles B and FSB, to the Tan- 
ent of half the difference of the ſame. But BF 
nd F taken together are equal to A B and F 
aken together; and BF leſs FS is equal to AP 
Ws FS, or twice SP; and the ſum of the angles 
land FFB is equal to the external A FL, name- 
to the Mean Anomaly ; and their difference i; 
qual to F& L the coequated Anomaly. And 
Cc 3 there- 


therefore the ſum of A and FS is to 2 P&, or the « 
half of the one $4 is to! the half of the other P 
that is, the diſtance f the Planet when in its C 
Aphelion is to its diſtance when in the Perihelion,M,. 
as the Tangent of half the mean Anomaly to the pl: 


Tangent of half the .coequated Anomaly: 1 
which proportion the two firſt terms are conſtant 
in the given Plane. 
Aſter the like manner the mean Anomaly ma 
be found, the coequated being given But if you 
don't want the coequated Anomaly A S L tha 
anſwers the given mean one 4 FL, but the angle 
FL (called the Elliptic Equation;) it will be thi 
double of the angle FBS found before. And thi 
angle ſubtracted from the mean Anomaly 4 FL 
the Planet deſcending from the Aphelion to the 
Perihelion, or in the firſt” fix. Signs of the Anc 
maly, leaves the coequated 4 KL: But if it bf 
added to the mean Anomaly in the laſt ſix Sign 
of the ſame it makes the coequated Anomaly 
from whence it receives the name Proſthapbareſis. 


ProrosITION _ 
O explain the correction of the preceding approx 
mation made by Bullialdus ; and to ſhew ho! 
(that being ſuppoſed; the coequated Anomaly and th 
diſtance of the Planet from the Sun may be Fund, 


. Iſmael Bullialdus, in the defence of his-Philolai 4 
Aſtronomy againſt Ward, in a Book intituled, 13, 
Foundation of the Philolaic Aſtronomy explained, Chap. 
and 2. ſhews from four Obfervations made b 
Tycho, that the Hypotheſis. of Ward lately deſcrigfy 
bed does not agres to Mars, that in the firſt ani; 
third Quadrant of the mean Anomaly. is mor, 
forward thin it ought to be by this Hy potheſs ne 
but in the ſecond and laſt Quadrant of the mean 
Anomaly is leſs than this Hypotheſis require Ha 


But even now neither has he ſo much as lookec 
ly back 
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back upon the ſagacious Kepler, according to 
whoſe Phyſical Syſtem, ny ought 8 be 
thus in every Ellipſe, and in Mars ſenſibly, (be- 
cauſe its Orbit is ſenſibly excentric;) and as the 
ſery numbers themſelves which Kepler brings do 
plainly ſhow.” But being reſolved upon correct- 
ing Ward's Hyporhefis, in requital of the like- 
tindneſs from him, he brings the following cor- 
rection of the mean Anomaly, found as above, 
in Chap. 4. of the ſaid Book. Let 4 LBP N 
bs the Elliptic Orbit of a. Planet, whoſe Foei, 
Apſides, Center, ec. are expreſſed by the ſame 
btters as they have been frequently before: And let 
the angle AFL, the mean Anomaly in the Hypo- 
theſis of Ward, be to four right angles, as the time in 
ich the Planet deſcribes the Elliptic Arc A L to 
he intire periodic Time. And becauſe the point 
Lin the firſt and third Quadrant of the mean A- 
tomaly (that is, while the Angle AFL is leſs than 
right, or greater than two, or leſs than three) 
not ſo forward as Obſervations require, but in 
te firſt and fourth Quadrant too forward; that 
s, becauſe the angle AFL is in the firſt caſe too 
tele, in the ſecond too great; therefore Bullial- 
u corrects this angle thus. Thro L draw LE per- 
gendicular to the Axe AP; meeting it in E, and 
he Circle deſcribed upon the diameter A in G, 
vin FG; let the Angle AFG be taken for the 
nean Anomaly inſtead of 4 FL; the angle 4 FG 


; Ih Bulialdas takes the liberty of calling the True- 
a bi Mean Anomaly,” leaving the name of the Mean to 
l Fo he angle 4 FL, which is proportional to the Time: 


And therefore the Place of the Planet in its Or- 
dit corrected will be the point V/, where FG meets 
* the Orbit. The angle of the True-Mean A- 

eb nomaly AFV, correſponding to the angle of the 
mea nean Anomaly A FL is found very readily, by 
be aking an angle whoſe Tangent is to the Tangent 
Cc4 of 
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of the mean Anomaly, as the greater axe of the 
Ellipſe is to the leſs; and this will be that which 
ſought. - For GE, the Tangent of the angle Sen 
FE, is to LE the Tangent of the Tangent of the 
a Angle LFE, tothe ſame radius FE, as DC or eg 
Ato BC. And in the Triangle / Fs (juſt as in FE 
he Te in the Triangle LFS) the Side ite 
ES, the external. angle 4 FV, and ſum of the - 
che 


Sides F and Vs being given, the coequated A- 


nomaly FS is found, and the Side /S the Di- 


ſtance of the Planet from the Sun corrected. in- 
EE. K | 


| d this is the correction of Ward's Hyporhefi 
which Ballialdus brings; and tis well enough, i 
it be taken only for a correction of the approxi- 
mation to the true Syſtem, as-it ought to be; be- 
cauſe :hat by aubich he had effected, that at length the 
coequated Anomaly might he found fromthe mean à pri- 
ori, and at the ſame time the calculation ſatisfy obſer va. 
tion; which no one had done before him (according to 
Mercator's judgment.) in te Elliptic Hypotheſis. 
But when Bullialdus puts it upon us as the true and 
genuine Syſtem, and derives the Phyſical cauſes 
of it (Chap. 3. and 4.) after his manner from the 
Cone, he not only leaves the Foundations of his 
Philolaic Aſtronamy unexplain'd, but diſputes as if 
> hy no Phyſical foundations of Aſtronomy 
at 1 35 $1 1 | 


oe. PrRoPoSITLION VIII 
| O deferibe the Orbit, wherein that Celebrated Aſtro- 
| nomer Dominicus Cafhni,. thinks a Planet is 
carried about the Sun, and to explain its agreement and 
diſagreement with Natural cauſes and the Phanomena. 

Let the Diameter 4B of the Circle 4K BH 
[Fg. 8.] be divided into two equal parts in the 
point C, and thro” it draw an indefinite line DE 
perpendicular to AB, Divide AB again in G 

| 0 
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ſo that 4G may be to G B as the diſtance of the 

planet (whoſe Orbit is to be deſcribed) from the 

gun when it is in its Aphelion, to the diſtance from 

we Sun when it is in its Perihelion; and take CF 
equal to CG. From F on 4B let a Perpendicular 
FH be erected, meeting the Circle in H. On 
the Center F, at the diſtance FH, deſcribe a 
Circle cutting the indefinite right line DE, in 
the points D and E, which are the extreams of 
the lefler Axe of the Orbit to be deſcribed. To 
find its other points, draw thro' F any how, the 
right line IFK meeting the Circle in I and K. 
On the Center F at the diſtance IF or KF, let 
a Circle be deſcribed ; and on the Center G, ata 
diſtance equal to one of the Segments of the 
night line IFR, namely K For IF, another Cir- 
dle: the interſections of theſe Circles, L, L, L, L, 
vill belong to the Orbit. And after this manner, 
becauſe two Circles are drawn upon both Cen- 
ers, four points of the Orbit will be determined 
it the ſame time. Afcer the like manner its other 
points may be determined, by drawing other 
tight lines paſſing thro' E, and bounded by the 
Circle on both ſides. Becauſe the rectangle un- 
der the ſegments of the right line drawn thro' 

the point F and bounded by the Circle is given, 
being equal to the rectangle under A F, FB (by 
Prop. 35. Elem. 3 ;) tis evident that the rectangle 
under the right lines FL, GL, drawn from the 
points Fand G, to any point L of the Curve 
ALB is alſo given, and equal to the rectangle 
under AF, FB or under AG, GB; and therefore 
that AGisto GL as FL to GB or FA. As in the 
common Ellipſe the ſum of the right lines from 
the Foci inclined to any point in the Circumfe- 
rence is given, ſo the rectangle under the right 
lines drawn from the points Fand G to any point 
in the Curve 4 DBE is given, on which account 
* | — Caſſini 
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Caſſini gave the name of Foci to theſe points p 
MCG: iti fu £64 e 

He would have this Curve to be the Orbit of a 
Planet, which it deſcribes about the Sun placed 
in the Focus G, ſo as that the angles at the other 
Focus F are proportional to the times; which he 
therefore calls the Focus or Center of the mean 
Motion, as he does the other G, of the true Mo- 
tion, where he places the Center of the Sun and 
of the World. On which account any two di- 
ſtances of a Planet from the Focus of the true 
Motion are reciprocally as its diſtances from the 
Focus of mean Motion. In this Orbit, the true 
Anomaly, namely 46 L is determined from the 
mean Anomaly or. Angle 4 FL, if in the Trian- 
gle L FG, the Baſe FG, and one of the adjacent 
angles L FG (the complement. of 4 FL the mean 
Anomaly, ).and the rectangle under the two other 
ſides FL, FG being given, the other things may 


e 3 rt eee 
Ibis Caſſinian Hypotheſis, briefly delivered in a 
Treatiſe of the Origen and Progreſs of Aſtronomy, has 
this Phyſical diſadvantage, that tho a Planet, by 
the action of a centripetal Force of a certain kind 
toward the Sun, (whoſe Law may be known by 
Cor.Prop.37-B.x.) may deſcribe the Orbit AL DBE 
about the ſame placed in G, yet this force will be 
intirely different from that uſed in moſt of the 
operations of Nature, and from that whereby the 
common Ellipſe, having the ſame Foci and Ver- 
tices, is deſcribed about the Sun. placed there ; 
and this over and above, that a Planet deſcribing 
the Curve A LD, as Caſſini ſuppoſes, (namely fo as 
that à line FL being drawn every where to the 
Planet, the angle AFL is made proportional to 
the time) does not all obſerve that univerſal Law 
demonſtrated in Prop. 11. B. 1. ſo as to make the 
area ALG, which the radius G L proceeding _ 
| | the 
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the Sun; deſcribes, proportional alſo to the Time. 
On which account this Hypotheſis,;:as well as the 
above deſcrib'd Hypotheſis of Ward and Paganus, 
$5 Phyſically impoſſible. Tis utterly impoſſible 
that a Planet, tho' it be ated upon by any cen- 
tripetal Force tending toward the Sun, ſhould de- 
ſeribe the Perimeter of the common Ellipſe, or 
of this Caſſinian Ellipſe, ſo as that the angle at 
the Focus where the Sun is not be alſo propor- 
tional to the Times. For this being ſuppoſed, the 
areas at the Sun would not be proportional to the 
Times, (as has been ſhewn above of the common 
Ellipſe, and ſhall' be ſhewn hereafter. of both) 
which notwithſtanding is done, as has been de- 
monſtrated in Prop. 9. B. TI. 8 
But we will demonſtrate that in the Figute above de- 
ſcribed AL DB E (or in any otber that is concave every 
where toward the Center, whoſe four parts made by the 
two axes are equal and ſimilar, and the two Foci F 
and G equi-diſtant from the Center,) every angle at the 
Focus F is not to 4 right angles as the area at the 
Focus G to the whole Figure ADBE. 
Let us ſuppoſe the angle at the Focus Fto be 
to four right as the area at the Focus G, to the in- 
tire Figure [ Fig. 9.] Draw the right line FL per- 
pendicular toA B; by which means the angle AFL 
will be a fourth part of four right, or half of two 
right; and therefore the area 4 LG will be by 
ſuppoſition a fourth part of the intire Figure 
ADBE, or a half of the half ADB, that is, e- 
qual to LDBG what it wants of half. From G 
draw G M parallel to FL, meeting the Orbit 
in M; and then GM, from the nature of the 
Orbit, will be equal to FL; and conſequently by 
Prop. 33. El. 1. ML (which intirely falls within 
the Curve ADBE, ſince by ſuppoſition it is every 
where concave towards the Center C) is equal and 


parallel to GF; and (by Prop. 34. El. 1.) the Tri- 


angle 
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angle MGL is equal to the Triangle GFI. And 
ſince the Figure AFL is, from the nature of the 
Orbit, equal to the Figure BMG; the Figure 
ALG is equal to the Figure BLG, contained un- 
der the tight lines BG, GL, LM, and the Curve 
BAM. But it was juft now ſhewn, that the Figure 
BD L, contained under the right lines BG, GL 
and the curve BMDL, is equal to the Figure ALG; 
and therefore the Figure BMLG is equal to the 
Figure BMDLSG ; that is, a part equal to the whole; 
which is abſurd. Therefore the Figure A LG is 
not a quarter of the whole Figure 4 DB E, when 
the Angle AFL is'a quarter of four right; or e- 
very angle at the Focus F is not to four right 
angles as the area at the Focus G to the whole Fi- 
gure. Q. E. D). 

Bieſides the aforeſaid Hypotheſis labours under 
this difficulty, that the true Anomaly, and the 
correſponding mean Anomaly, and the diſtance 
of the Planet from the Sun, do not in the leaſt a- 
gree with the Phænomena in the Heavens. For 
ſince the common Ellipſe does agree with theſe 
Phenomena, that other, the Caſſinias one, which 
is of a different nature, cannot agree with them. 
For the place of a Planet, at a given time, in the 
common Ellipſe AYBZ, [Fig. 10.] will differ 
from that in the Caſinian Orbit ADBE, deſcribed 
with the ſame Vertices 4, B, and the fame Foci 
F, G, as well in regard of the true Anomaly or 
Angle made with 4B at G, as of the diſtance from 
the Sun, in reſpect of the diſtance of the Aphelion 
GA. And tho in Orbits, where the Excentricity 
is very ſmall, the difference is not very ſenſible; 
where the Excentricity is great, things are other- 
wiſe. In the former caſe, the Circle 4 2 BK, 
deſcribed upon the diameter AB, almoſt ſatisfies 
the Phenomena. Yer all Aſtronomers now-a- 
days acknowledge that a circular Orbit : 1 
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broad about the mean Longitudes, as © and X. 
But this Caſſnian Orbit 4 DBE, on the contrary is 
much too narrow in thoſe places. Suppoſe for 
inſtance, 47 BZ to be the common Ellipſe, whoſe 
greater axe is to the leſs as 5 to 4; let a Caſſmian 
Orbit ADBE, be deſcrib'd upon the ſame Verti- 
ces and Foci ; its leſſer axe DE will be leſs than 
the lefſer axe T Z of the true Elliptic Orbit, a- 
dove a third part, whereas in the mean while QX 
the breadth of the Circular Orbit exceeds JZ by 
2 leffer part; namely only by a fourth part. 
Therefore this Orbit, ſince Phyfical reaſons don't. 
ſuit with it, (becauſe it is intirely impoſlible to be 
deſcribed after the manner that Caſſini its Author 
requires, namely ſo as that the Angles at the other 
Focus, than where the Sun is, may be proportional 
othe Times; for thus the area deſcribed by the ra- 
ius would not be proportional to the Time: Nay, 
o deſcribe it at any rate, a Centripetal force to- 
wards the Sun is neceſfary that is altogether 
lifferent from that which is uſed by nature, which, 
ke every other natural Virtue, propagated from 
Center or to a Center, in right lines thro” the 
drcum-ambient ſpaces, is reciprocally as the 
Square of the diftance,) and ſince the Orbit does 
not agree with the Phznomena and Celeſtial Ob- 
ſervarions, by reaſon of the ſhortneſs of the leſ- 
ſer axe, and the narrowneſs of the middle Orb 
ariſing from thence; it ought, I ſay, to be thrown 
out of Aſtronomy. digg 1 
Since tlie celebrated Mr. Caſſini, in his before- 
mention'd Treatife, propoſed to Aſtronomers this 
Curve, as the Orbit of a Planet, there have'been 
various diſputes about the nature thereof, and the 
Law of Gravity requiſite to deſcribe it. In my 
ſecond thoughts upon it, its different Species, and 
ſome properties of them not ſufficiently. known, 
pteſented themſelves to me, | 1 
'Tis 
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Tf the diſtance of the Foci be farther encreaſed, 
the leſſer axe will fil], be leſſened, and the Curve 
will be no longer concave towards, the Center 
but convex, at the extremities of this axe, as in 
Fg, 12.; till the diſtance. of the Foci being ſo fac 
increaſed, that it is to the greater axe as the Side 
of a Square to e e the ſame, the 
leſſer axe will become nothing, and the Curve 
reach to the Center gn each ſi de.. 
I the diſtance of the Foci be greater than 
in the faid ratio, the leſſer axe is impoſſible, and 
the Figure turns into two conjugate ones, as in 
| ns Fig. 
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© Wir. 13. which, upon the increaſe of the diſtance 
3 Wot the Foci, will be leſſened, till at length the 
it Whipuce run into two conjugate points. 
The diſtance of the Foci increafing, the two con- 
e nate Figures do again emerge, and they increaſe 
ts Waker the fame manner as they decreaſed before, 
B Naffering from the former in the order of the 
15; Whoci and of the Vertices, and are increaſed till 
ey become infinice: And afterwards this Sy- 
„ em will again approach to a Circle by the ſame 
. egrees as it receded from it. * 


7 * 


— N 'S 2 4 PE. .; pf C3 F * 
li- rom what has been ſaid, tis evident at firſt 


de cht, that rhis Figure is by no means fit to be the 
n- orbit of a Planet. Not to mention the cafes 


. Wiherein it paſſes into two conjugate Figures, and 
he ys aſide the nature of an Orbit, namely. where- 
d, erer its Excentricity is ſo great, as Comets (if 
le tey revolve round the Sun like Planets, as is moſt. 


wbable) require to deſcribe their courſe :*to paſs 
ger theſe caſes, I fay, there are allo in 'thoſe 


aſes,” where it returns into it ſelf and makes an 
he, bit, ſome with an Excentricity ſo large, as that 
* ite Curve near the points D and E [ Fig. 12.] be- 
he emes 'convex.-towards the Sun; and therefore 
pal Ne Planet would need a Centrifugal force from 
Us 


e Sun to deſcribe'this part of its Orbit, where- 
vin the mean while, in the nearet and more re- 
note places B and 4, a Centripetal force towards 
te Sun is requiſite.” That is, that the circumſolar 


ter podies may de moved by that Law, it muſt be 
in Wanted, that in equal diſtances from the Sun, 
fac Wire the fores is centripetal, but there centrifugal; 
ide which, how foreign it is to all the Laws of Na: 


ure, any body may eaſily ſee.” And tho' the Ex- 
entricity of no Planet be ſo great, yet tis well 
own to Geometers, that of a Figure, all whoſe 
pecies beyond a certain limit are unfit for the 


ucharging any office in nature, the remaining 
FORE Species 
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upon the account of the reaſons. mention'd be- 
agree with. Celeſtial Obſervations, by reaſon of the 
| fower it, fence to deſcribe. it there, would be need of 4 


Ps "p CLOTH 1 
N ns 


Species on this fide of that limit, can't be admie. 
ted as fic for that office. Tis neceſſary that this 
Caſſinian Curue he thrown out of Aſtronomy, not only 


fore in this Propoſition, namely, becauſe it does not 


ſhortneſs of the leſſer axe, and no Phyſical reaſons an- 


centripetal farce toward the Sung;jintirely different fri 
that made uſe of by Nature; but becaule of its ab: 
ſolute impoſlibilicy. For it is impoſlible that an 
Species of this. Figure can be deſcrib'& by a Pla 
net, ſo as that the .at the other Focus, where 
the Sun is not, may be proportional to the times 
for thus the area deſcribed by the radius that car 
ries the Planet along would not be proportional ec 
to the Time. For tis not true that increaſinę uu 
the angle at one Focus by equal increments, che ch 
increments of the area made at the other atthe ſame; 
time will alſo. be equal, as I thought not long ago 
In the Figures 1a and 13, the greateſt breadtt 
of the Figure is. found, by deſcribing a Circl: 
upon the Center C thro the Foci; for it will cut 
the Curve in the points ſought L, I. And the 
reateſt Ordinate K L is a third proportional te 
e right lines G Fand FD, in the firſt of them 
or a fourth proportional to the right lines G 
G4, and AF in oth. | nt. 
If DE remains in being, the Ordinate fron 
the Focus FP is equal to the leſſer Semi- axe CD 
when the leſſer axe is to the diſtance of thi 
Foci, as the Side of a. Square to its Diameter 
If the diſtance of the Foci be greater than in that 
ratio, FP i exceedCD. | 


* 
- 
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SECTION II. 


1 


Concerning the determining the Orbit of the 
Earth, and the Theory of the Earth ſeen 
from _ Sun, or of the Sun ſeen from the 
Eart | 


[ 
| ProtostTION IX. 
O define by obſer ation, the Species of the Orbit of 
* the Earth and the Poſition 1 its Axe; as alſo the 
IHodic Time of the Earth. 
One deſign of this Book being to determine the 
pecies of the Orbits of the Primary Blanets a- 
but the Sun; the Orbit we ought to begin with 
that of the Earth about the Sun, as well becauſe 
tis the ſame with that which the Sun ſeems to 
cribe in the ſpace of a Year about the Earth, 
jeſpecially becauſe the Species and Poſition of 
is neceſſary to determine the ſame things in 
tereſt of the Planets. For ſince the Eye of the 
blerver is carried along together with the Earth, 
te Way of the Earth ought firſt of all to be 
town, if you would be well acquainted with the 
Ways of the other Planets. 

Let the apparent motion of the Sun be obſer- 
Rd in the Eciiptic, when he is ſwifteſt; that is, 
hen in a given ſpace of time it deſcribes the 
reateſt arc toward the Eaſt ; for in that caſe (by 
. 2. Prop. 4 T. B. I.) the Earth is in the Perihelion P 
Fg. 14. ] but when its motion is found to be ſlow- 
it the Earth is in the Aphelion A. But the place 
df (the Earth ſeen from the Sun is exactly oppoſite 
0 the place of the Sun obſerved from the Earth, 
nd therefore the place in the Ecliptic of the A- 
| Melion and Perihelion of the Earth ſeen from. 
Th D d the 


i ? * . * 122 8 — N 2 f " *w * 
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the Sun is had; that is, the Poſition of the line of 
the Apſides of the Earth. But in Book 24 we 
ſhew'd how the places of the Fix d Stars in reſped 
of the Ecliptic, that is, the cardinal and othei 
points of the Ecliptic * be determined in re 
ſpect of the Fix d Stars, from whence the Poſiti 
on of the line of the Apſides of the Earth among 
the Fix d Stars will be found. The ſame may bg 
done by biſecting the angle contained betwee 
two right lines drawn to two places, where the ap 
parent motions of the Sun from the Earth per 
formed in a given time are equal; for ſuch poin 
are equidiſtant from the points of the Aphelion an 
Perihelion. To find the Species ofthe Orbit, youll 
muſt obſerve( by Cor.z3. Pr. 4 T. B. r.) that the apparen 
motion of the Earth in the Aphelion 4 ſeen from 
the Sun in the Focus S, is to the apparent motio! 
of the ſame in the Perihelion P, as S P., to $4 
And ſince the apparent motion of the Eatt 
ſeen from the Sun, is the ſame with the motio 
of the Sun ſeen from the Earth; from the obſe 
vation of this, while the Earth is in the Aphelio 
and Perihelion, the ratio of S4 d to SPA wi 
become known, and conſequently its ſubdupli 
cate SA to SP; by compounding and dividing 
them, you will have the ratio of S4+SP ro SF 
and S4—SP to SP; or of AP to SP, and (ſup 
poſing F to be the other Focus) of S F to Se 
and conſequently the ratio of AP to FS is al 
given, | 4 
The ſame things may be determined from t 
obſervation of the apparent Semidiameter of th 
Sun: For the Earth is then in the Aphelio 
when the apparent Semidiameter of the Sun i 
the leaſt ; and conſequently the place of the Su 
oppoſite to the place then obſerved, is the plac 
of the Aphelion ſeen from the Sun: and after the 
fame manner of the Perihelion, The middlFf., 
| poin 


— : l 


wint alſo between the two points, where the 
un is of the ſame apparent diameter, ſhews the 
lace of the Aphelion or Perihelion of the Earth; 
which are too plain to inſiſt upon. 

To determine the Species of the Ellipſe, let 
be the diameter of the Sun ſituated in the 
focus S. And the angle DAI is to the angle 
p as SP to SA; but the two firſt terms of 
Proportion are given; therefore the ratio of 


apf? to S A is known : From whence, as before, 
pere ratio ſought of 4 P to FS, determining the 


pecies of the Ellipſe, may be drawn. Inſtead of 


an apparent diameters or ſemidiameters of the 
yon, meaſured by the Angles or Arcs; the Tan- 
aren ents of the angles DAS, DPS, of the apparent 


kmi-diameters may be taken, as being evidently 
tore exact. 

Beſides, the ſpace of time between the mo- 
ents immediately following, wherein the Earth 
us at the ſame Apſis, to be determined from 
hat has been ſaid in this Propoſition, is the pe- 
odic Time of the Earth. But this will be bet- 


wih determined, if ſuch moments are uſed as 
lupli e at che greateſt diſtance from one another as 
idingay be, and the intermediate time be divided 
5 the number of the revolutions the Earth has 


de Time of one revolution of the Earth will 
s allWme out. . 
PROPOSITION X. 

O determine the Time of either Equinox by Ob- 
ſervation. | 

lion Juſt about the Equinox obſerve (byProp.18.B.2.) 
Wie Sun's declination, which if it be nothing ac 
U, will then be the Time of the Equinox itſelf: 
dat if any thing, then from thence(by Prop.20.B.2.) 
e place of the Sun in the Ecliptic will be found. 


d 2 time 


Wok, of AsTRONOMY: 403 


— 
_— — FR. * — 


ade in the mean while about the Sun; for then 


let the ſame be * again, or even a third 
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time, at ſome diſtance of time between. Andi che 
by the help of the places thus found and of the. un 
intermediate time, the Time of the Equinox itſelf 
will be found. | | 

In the performing this and ſuch like Problems 
the obſervations pf the Sun are to be corrected 
(as always) by the Parallax and the correſpond 
ing Refraction, and all other things are to be 
cautiouſly avoided, that may render the calcu 
lation uncertain ; v. g. not two obſervation: 
made on the ſame ſide of the Time which is tc 
be determined ; but rather two obſervations 


whereof qne precedes and the other follows thi 
Equinox, are to be made choice of. 


tha 

| PROPOSITION XI. abt 

| O determine the Time of either Solſtice. « 
l | ot 
Becauſe the Tropic touches the Ecliptic ite! 
the Solfticial point, the 15th Figure will repre i qu 
ſent the little portion of the Tropic an if 
Ecliptic near the Solſtice; where TR is the Tr 
pic; E C the Ecliptic touching it in the SolſticiaWmc 
point S; and the little right lines 4 1, dl perpen m- 
dicular to TR, will repreſent the deviations of®lti 
the points of the Ecliptic J, 1 from the Tropic! 
or the changes of their Declinations: In which ch 
caſe, the little right lines 47, 4] are (by Prop. 2Mpe 
Book 1.) as the ſquares of the Arcs $1, SI, or da 
the right lines S d, S d, being nearly equal (Was 
them reſpectively. On which account a ſmaiſm 
portion of the Ecliptic near the - Solſtice 5, wil V 
not ſenſibly differ from the Parabola E S C; tha ol 
is a Figure, whoſe property it is to have 41 eva ſe 
ry where as the ſquare of the right line $ 4 r bi 
ſpectively. Again, the Arcs $1, S are as thi b 
times wherein they are deſcribed by the Sun G 


F or, ſince the Apſides of the Elliptic Orbit, _ 
bY 
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III. 
Andi the Sun deſcribes as to ſenſe, continue at this 
the ume pretty near the Solſticial points, the ap- 
itſelſi parent motion of the Sun will be equable; that 
b, the arcs SI, $1 will be as the times wherein 
lems Mthey are deſcribed. From whence it may be 
cted Miarly inferred, that a portion of the Ecliptic 
ond bear the Solſtice (ſuppoſe that portion which the 
o beꝰ un deſcribes in about ten days, five before and as 


many after the Solſtice, )does not at all differ from 
the Parabola $11, [ Fig. 16.] in which the Abſciſ- 
has SP, SP are whatthe Declination of the Sun 
wery moment wants of the greateſt Declination; 
conſequently their differences PP, PP are as 
the differences of their Declinations themſelves ; 
that is, as the intervals of the Altitudes of the Sun 
above the Horizon, (or of the diſtanees of the 
ame from the Vertex) in the Meridian or any 
other vertical: And the Ordinates PI, P] are 
ſeſpectively as the times wherein the Sun ac- 
quires the foreſaid Declinations, and the intervals 
of the one are as the intervals of the other. 
Theſe things being demonſtrated, let a Gno- 
mon AB [ Fig. 17.] be erected, whoſe ſhadow 
made by the Sun when tis near either of the Sol- 
ſtices and received upon the Plane C D (to 
opicwhich a right line B H, connecting the Sun and 
hic che Vertex of the Gnomon B, is almoſt per- 
b. 2Mpendicular) marks out the point H: Some few 
or days after (for inftance, three or four) obſerve 
al t again the point where the ſhadow of the extre- 
ſmalmity B falls, when the Sun is upon the fame 
ig Vertical; and let that be F: And let the like 
obſervation be repeated again, and the point ob- 
ſerved be G: Now from theſe three points H, F, G 
being given, the time of the Solſtice itſelf is to 
be found. Tis evident that the right lines EF, 
GF are the intervals of the diſtances of the Sun 
hicl in the ſame Vertical from the Horizon, or from 
ch az ahe 


ic it 
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the Vertex; (that is; by what has been ſhewn a- M4, : 
bove, the changes of the Declination.) For Tin 
Ho H does not in the leaſt differ from an Arc HNaſ- 
of a Circle deſcribed upon the Center B wich e 
the diftance BG, becauſe the Angles FHO, HB, Cal 
are very ſmall. And if inſtead of the Plant C, WIC 
to which B G is perpendicular, the ſhadow ſhould WIC 
be taken upon any other Plane C E inclined to {Wr#! 
+ C'D by the angle DCE, net a very great one; aue 
for inſtance, in the points 4, /, g; the right lines 
bf, g will have the ſame ratio to one another, 
as HF, G E, becauſe the right lines f F, g G, WM - 
b H, are almoſt parallel; fince they meet on- 
ly in the point B, which is at a diſtance great 
enough in reſpect of the diſtances F F, g G, b H 
The Problem therefore for finding the Solſtice M. 
from the Points F, G, H given, together with the 
moments of Time, wherein the Sun, placed in 
the ſame Vertical, caſts the ſhadow of the point 
B to them, is reduced to the following Problem, 
which is purely Geometrical. Þ_ 4% 
Me diſtances A T, T E, [ Fig. 18. J of three 
parallel right lines AB, T Y, ES, Hing in thi 
ſame Plane being given; to deſcribe the Parabola MF 
RLM, whoſe Axis CVD is parallel to AB, TY, ES, With 
that cuts them in the points K, L and M, ſo as that, Wy! 
drawing the Ordinates to the Axe, K H, LF, MG, Win 
the portions. F G and FH of the axis intercepted by Wir 
them, may be equal to given right lines. pl 
For by this means, (if FG and FH are equal to 
FG, FH marked out by the obſervation deſcribed W$ 
above, and the ratio of 47 to TE the fame with WW 4 
the ratio of the Time between the obſervation I 
of the points H and F, to the Time between the 
obſervation of the points F and G) KH, LF, 
G will repreſent the Times between the ob- 
ſervations of the points E, F and G, and the 
E itſelf of the Solſtice; that is, as the points I Y 
3 
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4, 7, and E repreſenting the moments of the 
For Wiime wherein the Shadow of the Gnomon was 
Arc Wobſerved in the points H, F, and G, the point 
vich will repreſent the moment of the Solſtice itſelf. 


BG, Neal the Line AT, a; TE, b; FH, e; F, 4; 
CD, WIC, x. Therefore AC or KHS a + x, and 

uld e or GM =b— x, Call the principal Latus 

to um of the Parabola, v. Then from the na- 
ne; ire of the Parabola x* F xr, and there- 

ber bre F . After the like manner YH = 

D 11 | 1 

, erz 2 4 re. an 2 =—=2bx + x? 

ons — — and 768 = - * — 

reat | | ' a? + 24x 

bt Wfferefore c= (FH=VH—VF=) e,; 

tice | | | | 

| b*—2b 

ie Fad 4 = ( Fo=7G—VF=) . And 
ine getting away 7, by the help of theſe two Equa- 

em, | a* +2ax 'b*—2bxs ; IP) 

” — 2 — 7 5 


tons; you will find 4 

wy wdering the Equation as is uſual, x will be 
* =; that is, the ſpace of time between 
ES, Wihe known moment repreſented by 7, (namely, 
bat; Nyhen che ſhadow of the Gnomon was obſerved 
G, Min F,) and the moment of the Solſtice ſought; 
com whence the time of the Solſtice itſelf will be 

given. Q. E. F. ; 

| to But if the time between the obſervation of the 
ed ¶ Shadou/ in , and the Solſtice itſelf be ſought, add 
ith A4 to Tc found, and the fought HC (ATX) 


of eK — After the like manner will EC 
the 2 ad 2b e 


| þ? 24abd+a*d f 
A | = (b—x=) EFT. But if the or- 


he der of the obſervations be ſuch, as that the obſer- 
ats ¶ vation of the Shadow of the Gnomon in F 15 ex- 
43 N d 4 a&ly 
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actly in the middle between the obſervations o 
the ſame in H and 6; that is, if 4T'=TE, ot 
az=b, the Equation will be more fimple ; for the 
the diſtance-of the Times of the Solftice and o 


- 
o 


N er | 
the Shadow obſerved in F will be equal to = 4 
the diſtance of the Solſtice from the time of the un 
obſervation of the Shadow in H equal to 3=<** da 


| | | 2c +24 
and from the moment of the obſervation of the 
Shadow in G equal to 222 245 that is, in the Fi- 
gure, as 2 FH 2 FG to GH or 4HF— 26 F to 
GH, or 2 HF GH to+ GH, lo is the half o 
the time between the firſt obſervation of the Sha- 
dow in E and the laſt obſervation of the ſame in 
G, to the time between the middle obſervation 
of the Shadow in F and the moment of the Sol- 
ſtice itſelf ſought. | 
The ſagacious Mr. Edm. Halley firſt found ont 
and publiſhed this. method of determining the 
times of the Solſtices, in the Philoſph. Tranſadt. fo 
the beginning of the Year 1695; and illuſtrated 
it by the example of two Solſtices determined bye 
this, from the Obſervations of Walther and Gaſſen- x 
dus; where he takes notice of ſeveral things well ; 
0 
f 
| 


worth obſerving in the Practice, concerning the 
ſituation and advantageous form. of the Gno- 
mon, and concerning the accurate. obſervation 
of the Shadow, and other things. 


| ProPosITION XII. 
O define the quantity of the Tropical Year, 


Since the Tropical Year is that ſpace of time 
wherein the ſame Seaſons of the Year return a- 
gain; that is, wherein the Sun departing from a- 
ny point of the Ecliptic { for inſtance that where- 

. 1 in 
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in it touches the Tropic) returns to it again; tis 
evident that its quantity will be determined, if 
thel the Sun be twice obſerved in the ſame point of 
1 ohe Ecliptic, (far inſtance, twice in the ſame E- 
ad quinox, by Prop. 10, or in the ſame Solſtice, by the 
De ich,) and the intermediate time be divided by the 
thel number of revolutions of the Earth about the 
dun made in the mean time. If there he any 
error in determining the moment of the Equinox 
or Soiſtice, that it may not diſorder the meaſure 
of the Tropical Year, tis proper to make uſe of 
ſuch Equinoxes or Solſtices as are at the greateſt 
liſtances from one another, ſo that the error 6. 
vided into ſo many parts (by the diviſion made by 
a great number of intervening Revolutions) 
may become inſenſible. 7 

But becauſe the Times of the Solſtices ſeem'd 
difficult to the Ancjents to be diſcerned, as Prole- 
n himſelf ſays, who therefore paſſed over the 
Solſtices of Meton and Euctemon and Ariſtarchus him- 
ſelt; which alſo ſeem'd ſo true to the Moderns, 
that Ricciolus aſſerted that Prolemy was too confident 
in hoping that neither himſelf nor Archimedes had 
erred ſo much as a quarter of a day in their obſer- 
vation or computation in the Solſtitials; and 
Hevelius, Chap. 4. Prod. Aſtron. ſays, That the Solſti- 
ces,» tho they 1 obſerved by the beſt and greateſt Inſtru- 
ments, and even the moſt experienced Obſerver, can ne- 
ver be determined in their ſmalleſt parts; Aſtronomers 
have: made uſe of the Obſervations of the Equi- 
noxes, - whoſe moments they thought more accu- 
rately determinable, on the account of the vaſt 
and ſenſible change of the Declination of the Sun 
; about the times of the Solſtices. Bur, by the 
time W help of the preceding Method, the times of the 
n a- Solſtices themſelves may hereafter be determined, 
ma- at leaſt as accurately as thoſe of the Equinoxes. 


* * 
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Whereas the Suty ſeems to move ſometimes 
ſlower and ſometimes ſwifter, (aceording to the 
different velocity of the Earth about the Sun,) if 
inſtead of that, it be imagined to move equably 
ſo as to deſcribe the Ecliptic in the time deter- 
mined by this Propoſition; ſuch a motion is very 
fitly called its Mean Motion, (being really ſuch an 
one between the ſwifteſt and floweſt,) and the 
place the Sun is thus in, is called its Mean Place. 


1 PROPOSITION XIII. 
To determine the quantity of the Sydereal Par. 


By comparing the place in the Ecliptic a Fix'd 
Star was formerly in, with its preſent place, find 
the Annual preceſſion of the Equinox; that is, 

ow much each point of the Ecliptic recedes 
from a given Fix'd Star towards the Weſt in the 
ſpace” of one Year, which was done in Book 2. 
Prop. 31 : And by the preceding Propoſition de- 
termine the ſpace of Time requiſite for the Sun 
to deſcribe an arc of the Ecliptic equal to the Pre- 
ceſſion thus found. This therefore added to the 
quantity of the Tropical Year, gives the quanti- 
ty of the Sydereal Year, which conſiſts of the 
Tropical Year, wherein the Sun departing from 
2 point of the Ecliptic returns to the ſame, that 
has in the mean while moved a little way forwards 
to meet it, and of that beſides wherein the Sun 
deſcribes that arc thro' which the ſaid point of 
the Ecliptic moved to.meet the Sun ; that is, 
wherein the Sun departing from an immovable 
point (for inſtance, a Fix'd Star) ſeems to return 
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PDP ROrOSs TIN XIV. 
1 Places of the Sun, determined by Prop. 20. 
1 B. 2. and the Periodic Time of the Earth, which 
very nearly equal to the Syderial Tear, determined by 
the preced. Prop. being given, to find the Species of the 
Orbit of the Earth, ihe Situation of the line of the 
tpſides, and the Tims: when the Earth is in the Aphe- 

The methods lail down in Prop. 9. for finding 
the Species and Poſition of the Orbit of the Earth, 
require ſuch accurate obſervations that they are 
hardly fit to be puc in practice: We ſhall therefore 
fd the following one better fitted for Aſtronomic 
ies. Let there be given three Places of the Sun 
dy obſervation, namely when the Earth is in the 
three points B, C, D of its Orbit [Fig. 19.] Therefore 
the three lines SB, SC, SD are had by poſition, 
or the three angles B SC, CSD, BSD. And the 
period of the Earth being given, together with 
the Times between the obſervations, the ratios 
between the whole area of the Ellipſe 40 PB 
and its parts BCS, CDS and BDS are alſo given. 
The Problem therefore is reduced to this, to de- 
ſcribe ſuch an Ellipſe upon a given Focus 5, as 
that its whole area ſhould be to its parts contained 
under the right lines given by poſition, SB, SC, 
Db, and the Curve of the Ellipſe, in given ra- 
tis. | 

Let AP then be the Orbit of the Earth, & and 
Fits Foci, A its Aphelion, P its Perihelion. On 
the Center S imagine a Circle deſcribed by a ra- 
dins equal to the greater Axe, the Circumfe- 
rence whereof cutting the right lines SB, SC, 
SD produced in R, Z and J. Join the right 
lines FB, FC, FD, FR, FZ, Fr; and produce 
one of them Z F, untill it meet the Circumfe- 
rence again in G, and join RG, GY, TZ, 2 * 


SPS of 
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If ACDPB be the true Orbit of the Farth, 
then (by Prop. 5.) the Angles B FC, CFD, Bp, 
will be reſpectively to four right angles nearly ag 
the Times between the obſervations to the Perio. 
dic Time: And on the contrary, if the ſaid ratio 
hold in theſe angles, 4C DP B is the Orbit of the 
Earth ſought. What remains therefore to be done 
is, co find the Poſition of the right line S or 
AP, and the Species of the Ellipſe, by having 
given, beſides the angles BSC, CSD and BSD, 
the ratios alſo of the anglesB FC, CFD and BFD 
to four right angles. 

Since there are given the angles RSZ, ZSY, RSY, 
namely the obſerved differences of the Longitudes, 
and the angles BFC, CFD, BFD, namely the Mean 
motions of the Earth almoſt for the ſpaces of 
the times between the Obſervations ; therefore 
there are alſo given RFZ, ZFY, RFY Arith- 
metical Proportionals between BFC and RS, 
CFD and ZS T, BFD and RS reſpectively. 
For ſince SR is equal to AP, by conſtruction, and 
the ſum of the right lines $ B and B F equal to 
the ſame, (by Prop. 52. B. 3. of the Conics of Apollo- 
nius) BR and B F will be equal; and after the 
like manner may CZ, CF, as allo the right lines 
DY, DF, be ſhewn to be equal. Conſequently 
BRF and BFR, CZ F and CFZ, DTF and 
DFY will be equal. But the angle BFC = 
RFZ + BFR +CFZ; and RFZ =RSZ + 
B RFT CZ F. Since therefore B FC exceeds 
RFA as much as that does the angle RS Z; tis 
plain that theſe are Arithmetically proportional. 
After the ſame manner are CFD, Z FI, Z ST; 
alſo the angles BFD, RFY, RSY are Arithmetically 
proportional. Beſides, in the Triangle TFG all 
the Angles are given; namely N equal to the com- 
plement of the angle TF, to two right angles 2 
mean Proportional between CFD and C ti 
f whic 
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which are known, and T6 F half the obſerved 
Angle Z SY: And therefore ſuppoſing YF to be 
of any number of parts whatever, F G will be 
given, in thoſe parts. In the Triangle R FG 
all the angles being given, (namely R FG the 
complement of ZFR to two right, and FGR half 
the angle ZSR) and the ſide FG, FR will be given. 
And in the Triangle TFR there being given 
ing T and FR, and the angle YE R, (becauſe a 
SB, nean Arithmetic. proportional between BF D 
FH ind BS D,) TR will be given and the angles 
FRY, FYR. Then, in the Iſoſceles Triangle TSR 
„u che angles are given (becauſe JS R at the 
des, M'ertex of the Triangle is given) and YR, there- 
ean fore 1 alſo will be given. Laſtly, in the Tri- 
; of angle Frs the angle FYS is given (the dif- 
fore ference between the known ones RY'S, RYF) 
ich- and the ſides FT, TS; therefore the angle YS # 
Z,; nd fide S F will be found. But the Poſition of 
ely. the right line J 5 is given, namely the Place of 
and the Sun in the third Obſervation, when the Earth 
to was in D; therefore the Poſition of the line of 
llo- the Apſides 4 P will be given, becauſe inclined 
the in a known angle YSFto YS given by poſition. 
nes But in the ſame parts, in which Y is expreſſed, 
ly the right line SF is found; therefore the ratio 
and between 7 $ or what is equal to it AP the 
= © greater Axe of the Orbit, and S F the diſtance of 
che Foci is given; that is, the Species of the Orbit. 
ed; Nor can any thing elſe be determined by the Ob- 
tis ſervations: For every Elliptic Orbit ſimilar to 
nal. 4CDP, deſcribed upon the Focus S, whoſe great- 
; er Axe is the ſame in: poſition with the right line 
ly SF, will ſatisfy the Obſervations propoſed. 
all In the Triangle D FS, the ſide S F, the angle 
m- DSF, and the angle SDF, the double of STF 
s 2 lately found, being given; DFS is found, and 
D, | conſequently DF. contiguous to it. But the 
ich Time 
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Time which is to the whole Periodic Time as the 
angle DF A to four right, is that which happens 
| between the moment of the obſervation in P, 
and the moment that the Earth is in its Aphelion: 
this therefore becomes known. | 
The method of determining the Species of the 
Orbit, and the Poſition of the Line of the Apſides 
here delivered, agrees as well to any other Planet 
revolving about the Sun as to the Earth, provi- 
ded there are but three Obſervations, as much to 


the purpoſe in this other Planet, as thoſe three 
uſed about the Earth. | 


ProPOSITION XV. 
O correct at pleaſure the Poſition of the Line of the 
; . Apſedes, and the Species of the Orbit determined 
above. TW UNE Re | 
Let the Poſition. of the line of the Apſides and 
the Species of the Orbit found by the foregoing, 
be taken for true and accurate, (for they do not Wl fin 
differ much from thence by Prop. 5.) from them Ii or 
and the Periodic time and the times between the fid 
obſervations being given, find the angles correct- C 
ed at F, agreeable to the times of the obſervati- A 
ons made in the points B, C and D; and if you Nec 
will uſe only the firſt correction (namely Buli- W hs 
aldus s,) this may be done by Prop. 7; and you MT 
may go to what exactneſs you pleaſe by Prop. 4. Wh 
By the help of theſe angles thus corrected, inſtead MW fi 
of the former, that are ſimply proportional tothe In 
times; that is, in the language of Aſtronomers, Il t! 
by the help of the angles of the mean Anomaly b 
thus equated, inſtead of the angles of the mean Ir 
ſimple Anomaly made uſe of before, let the cal- t 
culation of the former Propoſition be repeated, It 
and let the Poſition of the Line of the Apſides and Il ( 
t 


the Species of the Orbit be found, and they will 
be more accurate, 


COROLs 
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COROLLARY. 


From whence the Motion of the Apfides of the 
Orbit of the Earth may be determined: Namely 
by comparing of the Place of the Aphelioſ at 
preſent with its Place ſome Years ago, (both 
which are found by Prop. 14, and corrected by 
Prop. I5,) and by dividing the arc made in the 
mean while by the ſaid Aphelion by number of 
the intervening Years, the Annual Motion of the 
Aphelion will come forth, which alſo will be ex- 
tended to parts of à Year. 


PrRoeosITION XVI. 


O find the Place of the Earth ſeen from the Sun, 

T and its Diſtance from the Sum at any given Time. 
The ſpecies of the Orbit of the Earth, and the 
place of the Aphelion for any known time being 
defined by the two laſt Propoſitions, find the place 
of the Aphelion for the time given: And if it be 
ſince the time to which the place of the Apheli- 
on was determined, add the motion of the Ap- 
ides made in the mean while, and defined by the 
Corollary of the preced. Prop. to the place of the 
Aphelion determined before, or let it be ſubtract- 
ed, if the time given be before; and you will 
have the Place of the Aphelion for the given time. 
Then let the time when the Earth once was in 
the Aphelion be determined (by Prop. 14,) and 
ſince by the 13th the Periodic time of the Earth 
may be known; from thence alſo will be known 
the time when the Earth was in its Aphelion next 
before the Time propoſed, and conſequently the 
ratio between the Periodic time of the Earth and 
the time elapſed ſince the laſt Aphelion is known; 
that is, in the Figure ALP (Fig. r.) repreſenting the 
Orbit of the Earth, the ratio of the intirg Ellipſe to 
the area A LS: And conſequently (by Prop. 3,4, 6 
and 7.) the angle ASL will become rer 

| N 
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from the Sun. Beſides, by the Propoſitions above 


of time, that intervenes between the Sun's lea- 


— * a 4% nx i abs 7) : 
. a - l 2 
Wann, — 


And ſince the poſition of the right line 4 8 is 
known, the poſition of the right line S L will al- 
ſo be known; that is, the Place of the Earth ſeen 


cited, the ratio of the right line LS to the right 
line AP becomes known ; that is, the Diſtance of 
the Earth from the Sun in the parts of the greater 
Axe. | 025-0 
F PrRoPosITION XVII. 

T O explain the inequality of the natural Days, and 
| to ſhew the Equation of time. 

Since it is the buſineſs of an Aſtronomer to 
ſhew the motibn of the Stars, and this is perform- 
ed in Time; and can't be conceived without it; 
and ſince the moſt ſenſible part of Time is a na- 
tural Day, by the repetition of which a Year, and 
by the diviſion of which an Honr and the parts 
of an Hour are made; and ſince. in computing 
their motions, all days ought to be ſuppoſed e- 
qual; as far as this ſuppoſition is from truth; ſo far 
even the Celeſtial motions taken out of the Tables 
will diſagree wich the Phænomena, if no account 
of this inequality be taken. To underſtand this, 
let it be obſerved, that a Natural day is that ſpace 


ving a given Meridian in the Heavens and re- 
turning to it again ; that is, the ſpace wherein a 
revolution of the whole Celeſtial Equator is per- 
formed, and over and above, of that part of it, 
that anſwers to ſuch a portion of the Ecliptic, as 
the Sun deſcribes in the mean while by its Annual 
motion towards the Eaſt. But becauſe this por- 
tion of the Equator, added to the whole Equator, 


is not every where equal, as well on the account 


of the Obliquity of the Ecliptic, as that the ap- 
parent Annual motion of the Sun about the Earth 
is not equable; neither will theſe Natural days 
be equal: And would therefore then be equal, s 

the 


" 4 
4x 


fie Sun ſeen from the Earth in its Annual motion 
al- moved both equably and in the Equator; and 
en ds evident in this caſe, after that the whole E- 
ve Equator has paſſed the Meridian, there remains 
he chat portion ſtill to paſs,” which the Sun in the 
of nean while would deſcribe by its Annual motion 
ter Wtowards the Eaſt, which portion would always 

be equal to itſelf, ſince we ſuppoſe this motion 

be equable ; and therefore even the Time mea- 
ind Firing the paſſage by the Meridian of the whole 
Equator and this additional part, would be al- 


to Nvays equal to itſelf. ” LEE us therefore ſuppoſe a- 
m- other Sun, as was ſaid before, moving in the 
it; Miquator, and conſequently meaſuring the equal 
my or mean Time : Tis evident that the difference 
in 


of the Time, between the appulſe of the true and 
rts Wimaginary Sun to the Meridian, or any other 
ns Hour Circle, is that which makes the mean Noon 

ef the apparent Noon, and the apparent of the 
far Wnean ; that is, the Equation of Time itlelf. And 
les Whecauſe the true Sun and that point of the Equa- 
unt Nor, where its Right aſcenſion ends, arrive at the 
his, MMeridian together; and the Equation of Time 
ace Wis that ſpace of Time, that flows while the Arc of 
ea - Wthe Equator contained between the extreme point 
re- Wot the Right aſcenſion of the trueSun and the place 
na Wof the imaginary Sun, paſſes the Meridian; if 
er- Wthis Arc be converted into time, you will have 
it, te Equation of time ſought. Beſides, the place of 

as che imaginary Sun is as far diſtant in the Equator 
ual WI from the point of the Vernal Equinox, as the mean 
or- place of the Sun in the Ecliptic is from the 


or, ¶ ame: And therefore the foreſaid arc of the Equa- 


unt ¶ tor, the meaſure of the Equation of the time, is 
ap- I equal to the difference between the Right aſcen- 
rth I fion of the true Sun and the diſtance of the mean 
ays place of the Sun from the Vernal Equinox. But 
„ if Hit is commonly known, that the difference of any 
the Ee two 
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two Quantities A and B is equal to the difference 
between A and any aſſumed quantity X, and to 
the difference between this X and B together. 
Aſſuming therefore a third are, namely the di- 
ſtance of the true place of the Sun from the Ver- 
nal Equinox, the Are meaſuring the Equation of 
Time will be the ſum of the two arcs, one of 
which is the difference between the Right aſcen- 
ſion of the Sun and its true place in the Ecliptic, 
the other the difference between the true and 
mean motion of the Sun, But ſometimes it hap, 
pens, that the difference of the two Quantities is 
equal to the ſum of them taken. ſimply ; namely 
— * the one is negative and the other poſitive: 
Therefore an Are to be converted into Time, to pro- 
duce the Equation of Time, is always the ſum or 
difference of two arcs, one of which is the diffe- 
rence of the true Motion of the Sun and its Right 
aſcenſion, and the other is the difference of the 

true and mean Motion of the Sun. 2 
But becauſe this Arc conſiſts of two parts, we 
will conſider them ſeparately. And firſt let us 
abſtract from the unequal motion of the Sun un- 
der the Ecliptic; that is, let us conſider it a little 
while as equal ; and therefore the motion of the 
imaginary Sun in the Equator will be equal to 
the motion of the true Sun in the Ecliptic, or 
the true and imaginary Sun will be equally di- 
ſtant from both Equinoxes. And becauſe in the 
firſt Quadrant of the Ecliptic, or from the begin- 
ning of V to the beginning of S, the diſtance of 
the Sun from the beginning of V is greater than 
its Right Aſcenſion ; the imaginary Sun will be 
farther diſtant from the beginning of V toward the 
Eaſt, than is the Right Aſcenſion of the true Sun, 
and therefore the true Sun arrives at the Meri- 
dian ſooner than the imaginary, becauſe more to 
the Weſt ; that is, the apparent time ene 
| the 
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ce the mean: hereupon when the Sun is in the firſt 
to Quadrant of the Ecliptic, that part of the Equa- 
ger. tion of Time, which is the difference of the true 
di. ¶ Motion of the Sun and its Right Aſcenſion, turn d 
er- Minto Time is to be ſubtracted from the apparent, 
of to make the mean or equable Time. But when 
of che Sun is in the ſecond Quadrant of the Eclip- 
2n- Mic, irs Right Aſcenſion is greater than the di- 
ic, Milance of the Sun from the beginning of V, (be- 
ind Maauſe the complement of the Right Aſcenſion 
ap- MWito a Semicircle is leſs than the diſtance of the 
s is un from the beginning of ;) and therefore 
ely Wihe imaginary Sun (which, by ſuppoſition, is as 
ve: ar diſtant in the Equator from the 1 8 of 
ro-, as che true Sun in the Ecliptic is diſtant from 
of Wihe ſame) is leſs diſtant from the beginning of 
ffe· ¶ y than the true Sun; and conſequently arrives 
yht Mat the Meridian ſooner, and therefore the mean 
the Noon precedes the apparent; that is, the mean 

Time reckons 12 Hours, when the apparent does 
wo not yet reckon ſo many, tho it be the ſame mo- 
us W ment, but differently called. And therefore in 
un- W this caſe; when the Sun is in the ſecond Quadrant 
tle Mot the Eclipric, this part of che Equation of Time 
the (which ariſes from the obliquity of the Way of 
to the Sun to the Equator, and is the difference be- 
or Wiween the Sun's motion and irs Right Aſcention 
di- urned into Time) is tobe added to the apparent, 
the Wio make the mean time, or to be ſubtracted from 
in» ¶ che mean to make the apparent. But if the Sun 
of be in the third Quadrant of the Ecliptic, the ſame 
an Wis to be done as if it were in the firſt ; for here 
be WW the diſtance of the Sun from the beginning of 
he is greater than ics Right Aſcenſion, as in the firſt : 
in, And the Sun being in the fourth Quarter, the 
fame holds as to this part of the Equation of 
Time as if it were in the ſecond, and for the ſame 
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Let vs next confider the Inequality of naturaf 
Days ariſing from the unequal motion of the Sun 
in the Ecliptic, or the Equation of time ariſing 
from thence, laying aſide a little while the Obli- 
quity of the Ecliptic ; that is, conſidering the Sun 
as moved after the like manner, and with the 
fame celerity in the Equator as it is found really N got 
to move in the Ecliptic, and that theſe two Suns Q 
che true and imaginary, left the Apogzum toge- 
gether. And ſince the imaginary one moves with Wiro 
the mean Motion, it muſt go before the true one, Nh 
while it goes forward from the Apogzum to the Wer 
Perigzum ; that is, the imaginary one is more to Micc 
the Eaſt than the true one: The true one there- Mi: 
fore arrives at the Meridian ſooner; therefore WDa 
the apparent Noon precedes the mean. And Wſoli 
the difference between the places of the true and I fla 
imaginary Sun, or between the true and mean I ela 
Motion of the Sun, converted into Time, is the I An 
Equation of the time ariſing from this inequality Nef 
of the Sun's motion: This Equation therefore, N par 
while the Sun goes from the Apogæum towards Wan 
the Perigæum, or (in the language of an Aſtrono- ihe 
mer,) in the ſix firſt Signs of the Anomaly, is to N cor 
be ſubtracted from the apparent Time to produce Wii: 
the mean, or added to the mean to produce the Whit 
apparent out of it. In the Perigæum the true Mike 
Sun overtakes the imaginary, and from thence to Nua 
the Apogæum is more to the Eaſt : The imagi- Not 
nary one therefore in all this time, namely in the 1 7 
fix laſt Signs of the Anomaly, arrives at the Me- Nuo. 
ridian ſooner; that is, the mean Noon precedes Nc 
the apparent Noon, by as much as the arc be- Ri 
eween the imaginary and true Sun ſpends in paf- Ine 
fing by the Meridian; that is, as much as that Wſuf 
arc, namely the difference between the mean fro 
and true motion of the Sun converted into time int 
makes. This part of the Equation of time 1 lo 
| | ore 
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fore in the preſent caſe is to be added to the ap- 
parent time to make the mean, or to be ſubtra- 


dted from the mean to make the apparent. 

And when both theſe cauſes of the Equation of 
Time hold, (as they really do) both theſe things are 
tobe done; that is. to equate the Time you muſt 


gonſider the Sun wo ways, viz. both in what 


1 of the Ecliptic it is in, that one part 
the Equation may be added to or ſubtracted 
om the apparent,” as was ſaid before; and in 
What Semicircle of Anomaly, that the part de- 
pending upon that, may be added or ſubtracted 
iccording as the nature of it requires. And on 
this account it is, that the Equation of natural 
Days (which, from what has been ſaid above, ab- 


ſolutely ſpeaking, is the Difference of the mean 


place and the iright Aſcenſion of the Sun's true 
place turned into time) is made up of two parts, 
And becauſe the vernal Equinox and Apogzum 
of the Sun, the heads or beginnings of theſe 
parts, don't always keep the ſame poſition to one 
another, but the former being carried towards 
the Weſt leaves the latter, (as was ſhewn in B. 1.) 
comes to paſs, that the (abſolute and only) Equa- 
tion of Time made up of theſe is not perpetual], 
but uſeleſs in a few Years, the Sun not poſſeſſing 
the ſame degree of the Anomaly, or the ſame ſi- 
tation in reſpe& of the Apſides, when it returns 
o the ſame point of the Ecliptic. - 

Ptolemy expreſly demonſtrates the above men- 
tion'd Equation of Time, Chap. 10. B. 3. of Great 
Cimtru#.notwithſtanding Vendeline and others have 
ſaid that it is all uſeleſs, and uſe the apparent and 
mean Time promiſcucully. Kepler on the contrary 
ſuſpected a third cauſe of equating the time, ariſing 
ſtom the diurnal Motion of the Earth's not being 
ntirely equable, but ſometimes quicker ſometimes 
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from the Sun, the original of its motion; and 
calls the part of the Equation depending upon it, 
the Phyſical Part, leaving the name of the Demon- 
rative to the other deſcribed above, which is 
made up of two parts. Tycho alſo had » ſuſpicion 
of the acceleration or retardation of the Firſt Mo. 
tion, and was for ballancing the other part of the 
Equation depending upon the Sun's Anomaly, by 
means of it; for he only made uſe of the other 
ariſing from the Obliquity of the Ecliptic, which 
he calls the Ey ic, becauſe it would ſuffice for 
the finding by Calculation the Eclipſes he had ob- 
ſerved. But Street thought this Inequality of the 
Firſt Motion, to be ſufficient for the making uſe 
of the part neglected by Tycbo, under a contrary 
Title, as he has put it in his Afronomia Carolina. 


Portion 
No correct the Place of the Sun, ſeen from the Earth, 
1 Feen . * Ewe Or 
If the given Time is the mean, the Place found 
needs no correction; for it is hitherto the true. 
But if otherwiſe, let the apparent given Time be 
converted into the mean (by the preced, Prop) by 
taking the Place of the Sun found above, Prop. 16. 
as accurate: (For that Place of the Sun is really 
accurate enough for the determining the Equation 
of Time, ſince it continues very nearly the ſame, du. 
whether the Place. of the Sun be that which is 1 
found above, or the true and moſt correct:) Andi up 
to this mean, again (by the {aid 16th Prop.) find the the 
Sun's place, and the place thus found will be the cus 
correct and accurate one. For the mean Time pre 
only is fit for Aſtronomic uſes, on which accountWani 
it is call'd the Aſtronomic Times; this therforeſ in 

ſhould be made uſe of: But to determine thei po 
mean when the apparent is given, the Sun's place. Fe 
is neceffary ; that therefore was firſt to befound, I thi 


by v 
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14 by uſing che apparent Time, as if it were the mean, 


it, I find the Equation of the Time. Ade chis end 


„ bund, and the apparent Time reduced to the A- 
i Rſronomic, ſeek for that Time (which is the ſame 
on rich the moment propoſed, but expreſſed by a 
ſo. Number fitted for an entrance into the Tables) the 


he Naun's place (by the ſame Prop. 16.) and the Di- 
by lance of the Earth from the Sun, which is evi- 
her entiy the true and correct one. e 
ich The converſe of this Problem may be con- 
for ted much after the ſame manner, and the 
ob- Mime may by found, when the Sun ſeen from the 
the Warth will be in a given Place. 7 
uſe | —— oY — 6 — — | 
ary 7 

4 SECTION III. 


oncerning the determining the Orbits of the 

reſt of the Primary Planets, and compoſing 
the Theory of them ſeen both from the 
Sun and the Earth. 8 


PROPOSITION XIX. 
O determine by obſervation the Poſition of the 

Line of the Nodes of a Planetary Orbit, and the 
liſt ance of t e Planet itſelf, when in 25 Node, from the 
Sun. [Fig. 20. 

In the two Figures fitted to the two caſes of a 
AndWperior and an inferior Planet, let 8 repreſent 
| theFWthe Sun; Te the Orbit of the Earth, whoſe Fo- 
: theFcus is S; Nu the Line of the Nodes of the Planet 
ime f propoſed. And firſt let the Earth be in 7, 


ountſ and from thence let the Planet be obſerved when 


rforeſ in the Ecliptic, and therefore in its Node, ſup- 
the poſe P: For the Planet will never be ſeen in the 
laceMEcliptic from the Earth, being in the Plane of 
und, che Ecliptic, unleſs when it is alſo in the Plane of 
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Earth arrives at t. Let the right lines S I, Pr, be 


tions, and ST'P the obſerved Elongation of the 


l 
| 
| 
| 
| 
a 
1 


the Ecliptic. After an intire revolution, let the 
Planet be obſerv'd. in the ſame Node, when the 


imagined-to be drawn, as alſo St, PT interſecting 
one, another in the point X. In the Triangle 
ST X there are giyen the angles 7 St by the Theo- 
ry of the Earth and Time between the obſerya- 


[F 
an 

frc 

Planet from the Sun, and the Side S I the Diſtance N. 
of the Earth from the Sun in the former obſer- fit 
vation. Therefore S X is found; and ſo X; ſince} ®" 
Et the Diſtance of the Earth from the Sun in the i de 
ſecond obſervation is alſo given: Again, in the Tri- 
angle :XP the angle :X equal to the angle TA in 
the former is given, and the angle $7 P the elon-·¶ ti 
gation of the Planet from the Sun in the ſecond 5 
L 

1 

N 

t 

0 

E 


_. obſervation, and the fide ? X lately found; and 


conſequently the ſide P 7. will be found. Laſtly, 
in the Triangle 87 P, the ſides t S, r P being gi- 
ven, together with the angle contained P: S, SP 
the Diſtance of a Planet in a Node from the Sun 
will be found, and the angle tSP that the Centric 
Place (or that ſeen from the Sun) contains with 
St given by poſition, namely, the Place of the 
Earth ſeen from the Sun at the time of the ſecond 
obſervation; and the oppoſition to this is the 
Centric Place of the other Node; that is, the Po- 
ſition of the Line of the Nodes Nn. 

By this means the Motion of the Nodes of the 
Orbs of the Primary Planets will be determined, 
by comparing the Place of the Node of each Pla-] 
net found out by the obſervations of the Ancient, 


with the Place of the ſame determined by the obs 


ſervacions of the Moderns. Fo 
After the like manner, if a Planet be obſerved 
twice in any other point of its Orbit from the 
Earth, the Place of the Planet ſeen from the Sun 
and its Diſtance from the Sun are * 
ns cf gg Ro- 
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7 


: .ProPosITION XX. 


J | 0 difone by obſervation the Inclination of any Pla- 


net any Orbit to the Plane of the Ecliptic. 

Let & repreſent the Sun; the Circle NBA 
[Fig. 21. ] the Ecliptic among the Fix'd Stars; 
and NAn the Path of che propoſed Planet, ſeen 
from the Sun among them: And the right line 
Non will be the Line of the Nodes known by po- 
ſition, by the preced. Prop.) Whenever the Earth 
arrives at the ſaid Line of the Nodes, which it 


does twice a Year, the Time of which (by Prop. 18.) 


is known; let the Geocentric Place A of the Pla- 
net P be obſerved (by Prop. 27. B. 2,) whoſe La- 
titude is AB an Arc perpendicular to the Eclipric, 
and Longitude YB. Since the Longitude of the 
Sun VN is known, the difference alſo of theſe 
Longitudes NB will be known. In the Spherical 
Triangle ANB, right angled at B, the Sides A B, 
NB are given; and therefore the angle AN, 
the meaſure of the Inclination of the Plane NA n 
of the Orbit of the Planet to the Plane of the 
Eclipcic NB», will be known. | 


PROPOSITION XXI. 
Fe. the obſervation of a Planet in Oppoſition or 


Conjuntion with the Sun, to get away its Second 
Inequality and find its Diſtance from the Sun. 
eſides the true Inequality in the motions of 
the Planets viſible to an Eye in the Sun, placed in 
the common Focus of all the Orbits, there is an- 
other Optical one, ariſing from the'annual motion 
of the Earth, relating to us living on the Earth. 
The former, which is proper to the Planets, is 
called by a name proper enough, the Firſt Inequa- 
lity ; but the other is ſecondary, as it were to the 
Planet, and therefore juſtly, called by Aſtrono- 


mers the Second Inequality ; And he is ſaid to get 
4 ; . ; ; it 
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it away, who ſhews that Place of a Planet, which 
an Obferver would ſee from the Sun. Let $ (in 
Eig. 22.) repreſent the Sun, J the Earth, p the 
Planer in its Orbit, NB the Ecliptic among the 
Fix d Stars, NA the interſection of the Orbit of 
the Planet with the Sphere of the Fix d Stars; N 
the Node: And ſeeing the Sun is in the Plane of 
the Orbit of each Planet, the right line & N will 
be the Line of the Nodes. Let the Earth T be ſeen 
from the Sun among the Fix d Stars at B, and the 

Planet Pat A. And becauſe the Planet is either 
in Oppoſition to the Sun, (as in Fig. 1 ft) or in 
Conjunction with it (as in the 24) the arc of the 
great Circle connecting the points 4 and B, is 
the arc of the Circle of Latitude, and conſe- 
quently perpendicular to the Ecliptic. And in the 
Spherical right angled Triangle A B N there are 
given the angle A4 N the meaſure of the Incli- 
nation of the Plane of the Orbit of the Planet to 
the Ecliptic, (found by the preced Prop.) and the 
ſide B N, namely the inclination of the right line 
. given (by the Theory of the Earth) by poſiti- 
on to SN the Line of the Nodes found by poſiti- 
on (by Prop. 19.) Therefore there will be known 
the Side AB, the Centric Latitude of the Planet, 
and AN the Diſtance of the Planet in its Orbit, 
ſeen from the Sun, from the Node N, which is to 
get away the Second Inequality of the Planet. 
Moreover in the rectilineal Triangle PST there 
are given $7 from the Theory of the Earth, and 
the angle PS the Latitude of the Planet by ob- 
ſervation, or its complement to a Semicircle, and 
the angle PST the Centric Latitude of a Planet 
found above; wherefore PS and P the Diſtances 


of the Planet from the Sun and Earth will be 
known. | f e 


PRO- 


d N IO 
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9 -  PrRoPosITION XXII. 
Drin ſingle obſervation of a Planet whatever, 10 
clear it of 'its Second Inequality, and find its Di- 
france from the Sun. * N . : 
Let the Planet P (in Fig. 23.) be obſerved, the 
Line of whoſe Nodes is NS, from the Earth 7, 
wich the apparent Latitude PTB. Let the Plane 
of the apparent Latitude be produced, till it cut 
the Plane of the Orbit of the Planet in PN, and 
the Plane of the Ecliptic in the right line BN. 
From P let fall PB perpendicular to the right line 
NB, and from 7 ere& TO perpendicular to the 
ſame NB, which (by Prop. 38. El. 1 T.) will be per- 
pendicular to the Plane of the Ecliptic, becauſe 
the Plane of the Latitude PNB is perpendicular 
to the Plane of the Ecliptic. From 7 let fall E 
perpendicular to the right line NS, and join OE, 
which is perpendicular to the ſame NS; and the 
Angle OET will be equal to the Inclination of the 
Planes of the Orbit of the Planet and of the E- 
lipric. In the Triangle NST, are given the Side 
ST, and angle TSN, by the Theory of the Earth 
and the known place of the Node, and by ob- 
ſervation the angle NT'S, the Elongation of the 
Planet from the Sun computed in the Ecliptic, 
or its complement to two right ; therefore the 
Sides T N and NS, and the angle TN will be- 
come known; In the Triangle TEN right 
angled at. E, NTand'7NE are given; and con- 
ſequently TE. In the Triangle OTE right angled 
at 7, there are given I E the Side found juſt now, 
and TEO the Inclination of the Planes of the Or- 
bit of the Planet and of the Ecliptic, known by 
Prep. 20. of this Book ; therefore OT will become 
known. In the Triangle OITNrightangled at Z, there 
are given OT and T N found before; and there- 
fore the angle ONT alſo, In the firſt angle 
FY PNT, 
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PNT, there are given NZ, and the angle T Np, 
alſo PT N the apparent Latitude of the Planet 
known by obſervation, or its complement to two 
right; therefore N will be known. In the 
Triangle NP B rightangled at B, the fide Np 
and angle PN B lately found being given, P 
and NB will be found. In the Triangle BNS, 
NB and N and the angle BN being given, 
NS B the Centric Longitude of the Planet com- 
| pucd from its Node, and the fide & B will be 

known. Then in the Triangle P B $ rightangled 
at B, PB, BS being known, P S the Diſtance of 
the Planer fromthe Sun will be known, and the 
angle PSB its Centric Latitude. Laſtly, in the 
Triangle PNS all the ſides being given, the 
angle.NSP is known, the Centric Diftance of the 
Planet in its Orbit, computed from the Line of the 
Nodes given by poſition (by Prop. 19.) in its Or- 
bit. The Second Inequality of the Planet there- 
fore is got rid of, and its Place ſeen from the Sun 
is determined: And beſides the Diſtance of the 
Planer from the Sun is found in the parts of the 
mean Diſtance of the Earth from the Sun, which 


is taken for the meaſure. 


PRO POSITION XXIII. 
T O define the Periodic time of any Planet about 
the Sun. ——_— N ; TEM 

et the Planet propoſed be obſerved in the 
Node (as was done in Prop.19.) and again, when it 
returns next to the ſame Node: The Time be- 
tween theſe. obſervations is very nearly the Peri- 
odic Time of the Planet ſought. For ſince the 
Lines of the Nodes are (by Prop. 43. B. 1.) almoſt 
at reſt, when a Planet has deſcribed its whole 
Orbit, it returns to the ſame Node, c vice verſa, + 


The 
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The Period of a Planet is determined not only 
by the obſervation of it twice in the ſame Node, 
but its Periodic time will become evident, if it be: 
obſerved twice in any other point of its Orbit, 
cleared of the Second Inequality. But if the 

Centric Place of che Planet be computed from 

the Equinoxes, regard muſt be had to the Pre- 
cflion of the Equinoctial points made in the 
mean while. In defining the Periodic times of a 

planet, it will be proper to make uſe of that ad- 
fice given, in determinining exactly the Quan- 
ity of a Tropical Year ; namely to take the moſt 
liſtant Obſervations that can be had, that the 
gror may be inſenſible, the diviſion» being made 
by a great number of revolutions. And that an 
error of an intire revolution may not- be com- 
nitted, the knowledge of a Period near the truth, 
and expreſſed by a round number will ſuffice; 
which may be had, if in one revolution of a Pla- 
net two or more Centric Places be ſought in Op- 

poſition or Conjunction with the! Sun, (namely 
when it has no Second Inequality) and the Perio- 
die time be taken in that ratio to the Time elapſed 
detween any two Obſervations, as the diſtance! 
between the centric Places is to an intire Circle. 
the Planet ſhould not happen to be obſerved: 
in the Node itſelf, or in the Oppoſition with the 
zun itſelf, (which generally happens ;) then that 
moment is determined by obſervations made be-' 
tore and afterwards. If the period of a Planet 
de taken for that ſpace of Time, wherein the Cen- 
tric place of a Planet becomes the fame again in 
the Mundane ſpace or between the Fix'd Stars 


a5 it was before; tho' accurately ſpeaking, there 


is no ſuch Period at all, ſuppoſing the Nodes: 
move; that is, that the planes of the Orbits 
themſelves change; notwithſtanding, if this Pe- 
riod be different from the Period defined above, 

It 
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it may be defined (conſidered in regard of Longi- 
tude) by the help of the obſervations made by 

the 


the preced. Prop. when the Centric Place of 
Planet is near the ſame Fix dstars. | 


| | PrRoeoOSITION XXIV. 
O find the length of the greater Axe M the Orbit 
- ee Primary Planet. hy 25042, Þ 
We have hitherto defined the ſituation of the 
lanes of the Ocbits of the Planets to one another; 
e now come to deſcribe the Orbits themſelves 
in the planes thus defined. Which we ſnall do ſe. 
veral ways, that this or that may be uſed accord- 
ing as the obſervations are, and the one may cor. 
rect the other; and that the Orbits determined 
by all or ſeveral of theſe ways tending to one and 
the fame thing, may be eſteemed more accurate, 
And firſt we ſhall ſhew how their greater Axes 
may be determined. The greater Axe of the Or- 
bit of any primary Planet, is to be taken to the 
greater Axe of the: Orbit of the Earth in the ſub. 
— ratio of the Periodic time of the pro- 
— Planet, (found by the preced. Prop.) to the 
| iodic time of the Earth about the Sun, deter- 
mined by Prop. 13. For then the Cubes of the 
greater Axes of the Orbit of the Planet and of the 
Earth, will be as the Squares of the Periodic 
times of choſe Bodies about the Sun, which has 
been demonſtrated (in Prop. 40. B. 1.) to hold in 
Bodies revolving about the ſame Center, and act- 
ed upon by a Centripetal Force, which is reci- 
procalſy proportional to the ſquare of the diſtance 
from that Center: And that this is the condition 
of the Primary Planets revolving about the Sun, 
has been ſhewn in Prop. 42. B. 1. N 


Pro⸗ 
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57 3 PR OOsSr ION XV. 
he Hree Centric Places of a Planet and its Periodie 


Time being given, to deſcribe its Orbit, and find 
the moment of Time when the Planet was in the 
Apbelion. | | | | 

+. After the ſame manner as in Prop. 14. three 
Places of the Earth ſeen from the Sun (that is, 


the Centric places of the Earth) being given,together | 


ger: vith the Periodic time, the Species of the Orbit 
ves of the Earth, and the Poſition of the Line of the 
ſe. MApſides is determined; the ſame may be done by 
rd-Iche help of the ſame like Data in the Planet pro- 
.or- poſed, and the Orbit thus deſcribed, may be cor- 
ned MicRed by the method pointed at in Prop. 15. And 
and Is the Orbit of the Earth is deſcribed in the 
ate, plane of the Ecliptic, determined before (in Prop. 
xes 19. B. 2,) ſo the plane of the Orbit of the Pla- 
Or- net propoſed, wherein its Orbit is to be deſcri- 
the bed, is determined (by Prop. 19 and 20.) More- 
ab. over, the ratio of the greater Axes of the ſame 
ro- Orbits is found from the Periodic times of the 
the Earth and Planet (by preced. Prop.) The magni- 
ters Nude of the Orbit of the Planet will be had from 
the the aſſumption of the greater Axe of the Earth's 
the Orbit (or its half, the mean Diſtance of the 
lic karth from the Sun:) The Orbit of the Planet 
has therefore is wholly determined. And the Time 
d in hen the Planet was in the Aphelion, is deter- 
act- nin'd after the fame manner, as the like was done 
eci-¶ Prop. 14. in: the Earth. 1 | 
nce © - Becauſe the Species of the Elliptic Orbit of the 
tion Planet is only determined from cheſe Dara, (as is 


Orbit in reſpe& of the Orbit of the Earth is con- 
cluded by the preced. from the compariſon of the 
periodic times of theſe Planets; the ſame may 
be inferred other ways; namely, by _— — 

; . bit 


evident from Prop, 14,) and the magnitude of the 
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zi The'ELzMENTS: Book III. 
Ocbit ofa certain Species (determined from three 
Centric Places) deſcribed about the Sun in xa 
Focus, to paſs thro' the very Place of the Planet 
jn the line of the Nodes, found by the 19th Prop, 

of this; For this point given in the Orbit of the 
Planet, ſerves as well in the determining its Mag- 
nitude in reſpect of the Magnitude of the Orbit 
of the Earth, as its greater Axis defined above: 

For the diſtance of that point from the Sun is de- 
termined in the parts of the lines of the Earth's 
Orbit; and any one of theſe ways of deſcribing 
the Orbit, may be examined and corrected by 
the other. 8 | - we. 7 8 - 44 Py | | 
And from hence may, the motion of the Ap- 
ſides of any Primary Planet be defined ; namely 
the ſame way as the motion of the Nodes was be- 
fore. W 8 9 
P RERO POSITION XXVI. LE MN A. 

HE Focus and length of the greater Axe being 
given, to deſcribe an Ellipſe paſſing thro two 
ven Points. N e he WT ERS AN 

Let & [in Fig. 24.] be the Focus of the Figure 
to be deſcribed, 4 the length of the greater 
Axe, L and I the two points thro which the Ellip- 
ſe ought to paſs. On the center L, at the di- 
ſtance equal to the exceſs of the right line A P a- 
bove the right line LS, let a Circle CFbe deſcribed; 
and after the like manner upon the Center /, 
with a diſtance equal to the exceſs of the right 
line 4 above 15, deſcribe a Circle RF cut- 
ting the former in F; and F will be one Focus 
of the Ellipſe which is to be deſcribed: Conſe- 
quently an Ellipſe deſcribed upon the Foci S and 
F, having its greater Axe equal to the right line 
AP, will be the Ellipſe ſought.” For ſince LF 1s 
equal to A P=LS,'LS + LF will be equal to 
AP. After the ſame manner A P is equal to 
I $ IF: Conſequently (by Prop. 52. B. 3. of 


Conics.) 
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Coics,) an Ellipſe deſcribed upon the Foci S and 
1 a I having a greater Axe equal to the right line 
net 4, will — thro' the points Land J. 
rop. Tis eaſy from ſuch a Geometrical conſtructiofi 
the I 25 this to invent a method of calculating ſuitable to 
ag- Astronomy. For three points S, L and 1 being gi⸗ 
bit en, that is, the three ſides of the Triangle 8 L bez 
de: ing known, the angles become known. Again in 
de- the Triangle E. IE, all the ſides are given; name- 
ths y LI as before, I. F the difference of the given 
ing Eight lines AP and LS, and IE, the difference 
by Nef 4 P, 18; therefore the angle FL becomes 
Jinown: But SLI was known before, therefore 
Ap- Ihe angle $ L F will be given. Therefore in the 
ely Triangle 8 L F, LS, LF, with the angle SL F 
be- being given, the ſide S F the diſtance of the Foci, 
ind the angle LS E, between LS given by poſi: 
don and the greater axe, will be known; this 4xe 
eing therefore is given by poſition; and it. is already 
two given by magnitude: From whence all that be- 
N ongs to the Ellipſe may be drawn. K | 


DEO OST XXVII. ä 
r tivo Centric Places of a Planet and the Hi. 
T ſtances from the Sun, together with its Periodis 

Time, to determine t he Orbit of the Planet. = 

Let 8 be the Sun [ Fig. 25.] let the two Ceti- 
tie places of the Planet given be in the right lines 
L, SI given by poſition, and let the Diſtances 
of the Planet from the Sun be the right lines SL, 
given in magnitude. Wherefore L and J are 
the points thro which the Ellipſe is to paſs. More- 
over, the periodic Time being known (by Prop. 
& 24.) PA the greater axe of the Elliptic Orbit is 
determined. Deſcribe an Ellipfe therefore (by 
the preced.) whoſe Focus is S, having its greater 
axe of a given length, that may paſs thro' the gi- 
ren points Land J. The Centric places of the 
* Ff 5 Planet 
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Planet and its Diſtances from the Sun, either in 


 Oppoſition-or Conjunction with the Sun are de- 


termined as in Prop. 21; or from an Obſervation 
made any where, as in Prop. 22. Nevertheleſs 
that may be aſſum d, which is determined Prop. 19. 
when the ſituation of the Planet's Orbit in regard 
of the Ecliptic was defined. But if you have 
more than two Centric places with their corre- 
ſponding Diſtances from the Sun, then their Or- 
bit being defined by any two, you muſt ſee whe- 
ther they agree to it thus defined, and that is to 
be retained (if they diſagree) which is'confirm'd 
by moſt Obſervations, as is uſually done in moſt 
Aſtronomical Calculations. | | 


-.: PROPOSITION XXVIII. LRNNNMA. 
10 the greater Axe AP of the Elipſe ALP | Fig, 
1 26.] from the Focus S let a perpendicular SR: be 
erected meeting the Ellipſe in R, thro' which let a right 
line DR be drawn touching the Ellipſe, and meeting 
with the Axe AP produced in G, and num G let GF 
be drawn perpendicular to the Axe. Theſe things being 
ſuppos'd, if from any point L of the Ellipſe two r. gbr 
lines LS, LE be drawyn, one as LS to the Focus aſ- 
ſumed 8, the other LE perpendicular to FG; I ſcy, 
that LE is to LS in the given ratio of G P to G S. 
Thro' the point L to the Axe AP draw the 
perpendicular LC meeting the Axe in C and the 
Tangent D R in D, and from P draw another line 
P N parallel to it: And C D will be equal to the 
right line S L (by Prop. 139. B. 4. of Gregory St. 
Vincent) and P N to PS. But G C is to C D in 


a given ratio, namely of GP to PN; and there- 


fore E L is to LS in the given ratio of G to PN 
or GP to PS. From hence it follows that GA is to 
AS in the ſame! ratio of GP to PS; which 
is a particular Caſe of this Propoſition, namely 
when the point I taken at pleaſure I 
5381 ö Wit 
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with 4. And this is evident from hence, that 
(by Prop. 34. B. 1. of Conics.) RG being a Tangent, 
AS is to SP as 46 toGP; from whence, by 
permutation and inverſion, GA is to AS as GP 
to PS. This Propoſition holds alſo in the other 
Sections of the Cone. 
PROPOSITION XXIX. LEMMA. 
| 0 deſcribe an Ellipſe about a given Focus, tbat ſhall 
paſs thro three given Points. 1 
Let the Points given be IL, /, a, (in Eg. 2.) 
and the Focus S. Join the right line LI, and pro- 
duce it to F, ſo as that LF may be to /F, as SL 
to SJ. So let a joined, be produced to f, ſo as 
that af may be to If, as S to SI. Join the right 


ine F,, and upon it, from L and & let fall the 


perpendiculars LE, SG, divide SG in P ſo as GP 
may be to PS as LE to LS, and produce it to 
4, ſo as that G A may be to ASin the ſame ratio: 
An Ellipſe deſcribed having 4 and P for its Ver- 
tices and $ for its Focus; that is, having its great- 
er Axe PA, and its Latus rectum quadruple a right 
line which is to SP as SA to AP (by Prop. 54- 
B. I. Conics.) will paſs thro the Points I., I, and x. 
From J and &, upon FG let fall the perpendi- 
culars Je, ag. Since by conſtruction LF is to 
[Fas SL to SI; LE will alſo be to le (by reafon 
of the Parallels LE, le) as SL to SI, of LE to SL 
le to SI. But by conſtruction allo GP is to 
PS, and GA to AS, as LE to SL; and therefore 
s GP is to PS ſo is Ie to SI. After the ſame man- 
ner af is by Conſtruction to If (that is, ae to le) 
a8 S to SI; and therefore ig to Sa as (le to S1; 
that is, as was juſt now demonſtrated, as) LE to 

FL. Since therefore SL is to LE, alſo SI to le 
and Sa to as, as GP to PS, or GA to As, and 
this is a property of an Ellipſe demonſtrated in 
the preced Lem. tis 14 that the Points L, I, , 
2 Are 


are in the Ellipſe, whoſe Focus is S, and extremes 
of the greater Axe or Vertices, 4 and P. And 
from hence it is eaſy to be known, when the Pro- 
blem is impoſſible, and when inſtead of an El- 
lipſe, a Parabola or Hyperbola comes forth. If 
a Calculation familiar to Aﬀronomers be re- 
quir'd, it may eaſily be drawn from the preced- 
ing Conſtruction; for inſtance, after the follow- 
ing manner. Since S is to SI, as af is to lf; 
then dividedly Sa—S/ to S/ as alto F: But the 
three firſt terms of the Proportion are given, 
from the Points S, I, a, being given; therefore 
the fourth If will be known. And after the like 

manner, becauſe. S L: SI: : LF: IF. By dividin 

SL =I: $1;:: LI: IF, and the three fi 
terms being given the fourth term will be known: 
namely the right line I F. Moreover, the three 
Sides of the Triangle $7, being given, the angle 
SIN is, given, and the three Sides of the Triangle 
S LI being known, SIL becomes known; there- 
fore.there is given both the Angle LI the diffe- 
rence or ſam. of them, and the Vertical to it FI,. 
Therefore, in the Triangle Fit, the Sides IF, If, 
juft found, being given, together with the angle 
FI / contained; the angle FFI will be found, and 
conſequently. its complement to a* right 7“. 
But the angle SI being known before, its com- 
plement to two right SF will be known; there- 
Fire the ſum or difference es of the known An- 
ples SI e I,, will be given, and conſegnently 
50 fn complement (becaufe of the Parallels e., 
GS) to two right; that is, the inclination of the 
greater axe to the right line J5, given by poſition. 
eſides, in the Triangle fe! rightangled at e, all 
the angles are given, together with the fide f. 
therefore el, or G As known, ſuppoſing IA per- 
pendicular to GS. In like manner in che right 
angled Triangle 8 M, the Angles and * 
ein g 
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being given, S M is given; and GS is the ſum or 
difference of G, MS. ., Again, becauſe by the 
preced. Lem. e l. IS :: G P. PS, by compounding 
el + IS. 158 :: GS. SP, and the three firſt terms 
of this Proportion being given, the fourth 5 P 
will be known; In like manner, becauſe e: 1S :: 
A: AS, by dividing 15: IS:: GS: AS; from 
whence AS becomes known: The ſam of PS, SA 
is the greater Axe. The other Focus of the El- 
lipſe is as far diſtant from A4, as & is from P. The 
Foci and Vertices A and P being given, the ref} 
will not be unknown. 1. oe 


*... .._ \PRqQROSITLION XXX. 
"T 1Hree Centric Places of a Planet, and the Diſtances 
| 0 from the Sun being given, to deſcribe its Elliptic 
Let the Centric Places of the Planet be given, 
and its correſponding Diſtances from the Sun; 
namely the right lines $.L, SI, Sa, in poſition and 
magnitude [ Fig.,28.] ſuppoſing & to be the Sun. 
By the prec. Prop. let an Elliple, whoſe Focus is 5, 
be deſcribedor determined by Calculation, paſſing 
thro' the Points L, I, a. This will be the Orbit ſought. 
The relation this has to the Orbit of the Earth is 
herefore known, becauſe the magnitude. of the 
Lines S L. SI, S is given, in the parts of the 
mean Diſtance from the Sun, and the ſituation of 
thePlane of the Orbit in reſpe& to the Plane of the 
Ecliptic, is ſuppoſed to be determined by Prop, 19. 
and 20. ies . 
Upon this Propoſition depends the Method that 
Dr. Halley lays down, in the Philoſop. Tranſacl. 
An. 1676. Ne 128. for determining the Orbits of 
the Planets. Namely, if any Planet be obſerved 
thrice from the Earth in the ſame Point of its Or- 
bit (which, when it may happen, is well enough 
known from its periodic Time nearly known) 
R Ff 3 888 
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there will be had three Places of the Earth, ſeen IN If 
from the Sun, and three correſponding Diſtances Il ter 
of the Earth from the Sun, expreſſed in the parts ¶ qu 
of the diſtance of the Planet from the Sun; and  M 
therefore the Orbit of the Earth itſelf is deter. na 
mined by the preceding: Which being known, 
if any Planet be obſerv'd twice froni the Earn in N che 
the ſame Point of its Orbit, and confequently I che 
(by Prop. 19.) its Centric Place and Diſtance from ne. 
the Sun be determined, and this be repeated in ſe 
two other Places of the ſame Planet; three Co- 
Points of the Planet's Orbit will be had, by which ID. 
together with one of the Foci (namely the Sun's the 
Place) being given, the Orbit it ſelf (by the prec.) Li! 
is determined. If the Periodic Time be pretty IX, 
exactly known, the ſame may be done by two let 
Centric Places and Diſtances from the Sun being I ng 
known, which may be gather'd by Prop 27. from ||| po 
twice two Obſervations of 'a Planet obſerved in 14% 
the ſame two points whatever they be: And by A4 
the ſame pains the Place of the Nodes and the In- 2 
clination of the Orbit to the Ecliptic are deter- A 


mined by the 19th and 20th Propoſitions. 4 
| PROPOSITION XXXI. LEMMA. qu 


T O find the conjugate Diameters of an Ellipſe, which IN. 
| ' paſſes thro pve given Points. [ Fig. 29.] f 

Let the five given Points be N, M, L, K, H, In. 
that the Perimeter of the Ellipſe paſſes thro'; a HP 
Diameter as FE of that Ellipſe is to be found, to- I th 
gether with its Conjugate 7 Y, in magnitude and I 
poſition: ' Let right lines be ſuppoſed to be 85 
drawn connecting the given Points, ſome two I Mm 
of Which are either parallel, or there are no | it: 


two fuch. This is eaſily ſeen; for ſince the Points g 
N, M, L, k, Hate given, the right lines that I tt 
connect them all manner of ways are given, and I 9 
the angles contained between thoſe right * v 
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If therefore it be found that two angles placed al 
ternately, (for inſtance K MH, M H N) are e- 


qual, it may be concluded that the two right lines 


MK, N H, in which the ſaid angles are alter- 
nately placed, are parallel. 4 11 | 
CASE I. Suppoſe firſt, that there are two of 
them, as M K, NH parallel to one another. Let 
them be biſected in B and 4, and let BA con- 
necting them, be produced, till it meet the Ellip- 
ſe in Fand E; and it will be (by the Elements of 
Conics) a Diameter of the Ellipſe, and (by 26. 
Dat.) given by poſition ; becauſe paſſing thro 
the given points Band A. Draw thro L, the 
Line L X, parallel to E F, meeting the Ellipſe in 
X, the right line MA K in D, and N H in C. And 
let the right lines x K, L M connected, meet the 
night line HN (if need be produced) in the 
points P and G. By Prop. 17. B. 3. Elem. Conic of 
Apollonius, the rectangle X D L, is to the rectangle 
MDK as Z F ꝗ to Z Tad. And Xx CL. NC H:: 
Z Fd: ZYq. An therefore X DL: M DK:: 
XCL: NCH. But (as ſhall he ſhown hereaſter,) 
X DIT. MD X:: X CI. GC-P.- And therefore 
(by Prop, 9. Elem. 5.) the rectangle N C His e- 
qual to the rectangle G C P. But the rectangle 
MH is given, becauſe its ſides NC, C Hare given; 
for the whole line N H is given at firſt as well in 
magnitude as poſition, alſo the right line LC by 
poſition (by 28. Dat.) wherefore (by 25. Dat.) 
the point C will be given: So likewiſe will the 
right line U C, fince its extremes G and C are 
given: Therefore (by 57. Dat.) C is given in 
magnitude: But it is alſo by poſition; therefore 
the point P itſelf is given, And the point K is 
given ; therefore the right line KP connecting 
thoſe points is alſo given by poſition, and conſe- 
quently (by 25. Dat.) the point X in the Ellipſe, 


where the lines LC,K D ** by poſition meet) 
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is alſo given. Join the right lines NX, L H meet- 
ing the diameter. E F (if need be produced) in 
Rand S: And then (by the above cited Prop. 17. 
B. 3. Elm. of Conic.) both NC will be to XC L, 
and NAH to EAF, as Z NN to Z Fq; from whence 
NOH. XC L: NAH EA F. And by what is 
below .: demonſtrated, NC H. XC I:: NAH. 
RAS; cherefore (by Prop. 9. Elem. 5.) the rect- 
angle: RAS is equal to the rectangle EA F. But 
RAS is given (ſince the three points 4, R, and $ 
are given, A as was ſhewn above, R and 8 by 
the 25 of the Dirz; flamely the concourſe of the 
right line E F. gen by poſition with the right 
lines XN, H giyen by poſition; ) therefore the 
rectangle E 4 F will be given. After the like 
manner the rectangle EBF may be found; and 
the points A and BB are given, therefore ſo is E F 
in magnitude; as we ſhall ſhow hereafter. But 
its poſition was found before; wherefore the 
diameter E F is given in Pofition and Magni- 
tude. Moreover TTd is to EFd as NCH 
to XC IL, as was ſhewn above; that is, (by 
1 Dat.) in a given ratio, becauſe the rectangles 
NCH, XC L are given; wherefore the fubdupli- 
cate ratio of the former, namely the ratio of 77 
to E F (by 24 Dat.) is allo given: But Eis gi- 
ven, as was ſhewn above ; therefore by 2 Dar. 
T will be given in magnitude. But its poſiti- 
on is given by 28 Dat. becauſe paſſing thro the 
point Z, which is in the middle of the right line 
E F given in poſition and magnitude, parallel to 
the right line N H given in poſition. Therefore 
the right lines EF, T are given in Poſition and 
Magnitude, namely the conjugate diameters oi 
the Ellipſe, paſſing thro' the five given points 

N, M, L, K, EH. 1 15 28 
Os E II. But now let us ſuppoſe that the 
rene 
; | cl, 


, 


Fw RT TE TT. WS-34-+4 my © 


Book UL ef ASTRONOMY. 141 


jel, nor any other two: Therefore theſe lines 
in H, NK (at leaſt produced) will incerſect one 
17, another; for inſtance in the point L, which wilt 
L, be given by 25 Dat. draw thr E the right line 
nce L parallel to MH, meeting the right line N R 
risY in 2, which (by 28 and 25 Dat.) will alſo be 
H. given. And the ratio of the rectangle N 9K to 
ect- || the rectangle L 2 will be given; namely the 
But Y fame (by Prop. 17. B. 3. of the Elem. of Con.) wich 
id $ chat of the given rectangle NI K to the given 
by IH. But the rectangle NK is given, ſince 
the its ſides N and K are given; and therefore 
ight che rectangle Lis alſo given: From whence; 
the fince-Z Q is given by 55 Dat. the right line 9'F7 
like is given in magnitude; but alſo in poſition, be- 
and cauſe a parallel thto' the given point Q to the 
EFI richt line 71 H given by poſition; therefore the 
But point “ ifelf by 27 Dar. ſince the magnitude and 
the poſition of the right line © and the other ex- 
gni- tremity Q are given. Thus therefore we come 
"CHEE back to the former Caſe ; for there are given the 
(by five points N, M, L, V, H, or M, L, X, V, H, thro' 
gles vhich the Ellipſe may paſs, and yet ſuch as the 
1pli- Y two right lines LV, MH may be parallel. By 
77 what has been ſaid therefore the conjugate dia- 
 gi- Y meters of that Ellipſe may be found: &. E. F. 
Dat. Let there he two right lines GP, MK, parallel to one 
oſiti- ¶ another, on which let the right line XC DL [Fig. 31.] 
the Fall, and from Nee it X and L draw any how 
line the right lines LMG, XP K meeting the parallels in 
el to M, G, Fand K: I ſay, tbe rectangle X DL, is t 
fore MDK 2. XK CL to the rectangle & CP. 
and The ratio of the rectangle X DL to the rect- 
s of angle MD R (by Prop. 23. Elem. 6.) is compoun- 
oints |} ded of the ratio of X D to D K, and of the ratio 
of LD to DM; and the ratio of the rectangle 
the XC to the rectangle GCP of the ratios of XC 
aral: to CP and LC to CG, But becauſe of the pa- 
le}, oo oe lh "0 Sos 


rallels A D RK, 6 CP, X is to DR:: XC. CP; 
and LD. DM:: LC. CG. Since therefore the 
compounding ratios are equal, the compounded 
ratios will alſo be equal; that is, XD L to 1 R, 
as XCLtoGCP. 1 | 
F botb the rectangles E A F, EB F are given, and 
the points A and B are given; the points E and F are 
alſo given, ſi ppoſong EABF a rightline. 3:4 
For ſuppoſe the rectangle B A C to be equal to 
the rectangle EAF, and the rectangle 4BD equal 
to the rectangle E B F: And therefore, ſince (by 
Hyp.)EAF and BA are given, AC (by 57 Dat.) is al- 
ſo given. In like manner, ſince EBF and A B are 
given, 4 D will be given. By reaſon of the for- 
mer equality (by 16. Elm. 6.) FA AB:: AC. 
AE, and by converſion of ratios, FA. BF:: AC. 
C E. Again, by reaſon of the latter equality E B. 
B D:: AB. B E, | Fig. 32.] and by compounding 
E D: BD:: FA. BF. From whence (by Prop, 
II. EI. 5.) AC. CE: E D. BD: And therefore 
the rectangle contained under AC and B is e- 
qual to the rectangle under CE, E D. But the 
rectangle under 4 C and BD is given, (for both 


right lines are given) therefore the rectangle un- 


der CE, E D is alſo given. And becauſe this 
given rectangle is applied to the given rightline 
CD, (compoſed of the parts C A and 4 D which 
are given) and wants of a ſquare Figure, C E 
(by 58 Dat.) will be given; and conſequently 
AE (by 4 Dat.) and becauſe the rectangle E 4 F 
was given at firſt, the right line 4 F will alſo 
be given; that is, the points E and F will be gi- 
ven. we 
PDP EO POSITION XXXII. LEMMA. 
O find the Foci and Vertices of an Ellipſe that is 
to paſs thro' five given Points, and conſequently 
ro deſcribe the Ellipſe paſſing thro the five given Points. 
Pappus in Book 8. Math. Coll. propoſes nn copy 
ructs 
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ſtructs this Prob. and the prec. for the uſe of Archi- 
tects: Namely, having a portion of the ſuperficies 
of a right Cylinder given, that has no part preſerved 
intire in the circumferences of the Baſes, to find 
the thickneſs of the Cylinder. Theſe the Aſtro- 
nomers afterwards converted to their uſe, By 
the preced. Lmma find any two conjugate Dia- 
meters of the Ellipſe, that is to paſs thro' the five 
given Points; anc let them be A B, C D biſecting 
one another in the Center E. Produce BA to H 
[ Fig. 33.] fo as chat the rectangle E A H may be 
equal to the ſquate of D E; by which means 
(by 58 Dat.) E H is given. Let a perpendicular 


XL, from K the middle of EH, meet with AAG, 


ax right line parallel to D C, thro' the point A in 
the point L, which conſequently is given on 
the account of the right lines A G, K L given 
by poſition. On the Center J thro E or H, 
draw a Circle interſecting the right line MAG 
in M and G, whoſe diameter MG conſequently is 
given as well in poſition (becauſe tis parallel thro' 
the given point A to the right line CD given by 
poſition,) as in magnitude, - (ſince it is double to 
the right line connecting the given points E and 
L) the right lines G E, ME connecting them, 
are alſo given as well in poſition as magnitude. 
But their poſition is the ſame with the poſition of 
the Axes ſought: For ſince the rectangle E AH 
(by 35. Elem. 3.) is equal to the rectangle M 4 G, 
and by conſtruction EA H equal to the ſquare of 
DE; E Da will be equal to MAG, or (by 17 
Prop. Elem. 6.) E D will be a mean proportional 
between' M4 and 4G; and conſequently (by 
Prop. 88. B. 3. of Greg. St. Vincent.) the Axes of the 
Ellipſe deſcribed upon the conjugate Diameters 
AB, CD are in the rightlines EG, EM. And 
the magnitude of the Axes is thus expeditiouſly 
determined. Thro' A, let fall perpendiculars 
AQ, AN to EG. E A, which therefore are gi- 
| ven. 
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ven. Take in the right line E G, E O a mean 
proportional between E G, E z in like manner, 
in E M, E R a mean proportional between E M4, 
E N; the right lines E O, ER ( given by 24 
Dat.) will be the Semi- axes of the Ellipſe (by Prop. 
37. B. x. Conic.) If in G E produced you take E 
equal to EO, and in ME produced, E T equal 
to ER, the Axes OP, RT of the Ellipſe will be 
given in poſition and magnitude, together with 
with the points O, R, P, 7, which are the princi- 
pal Vertices of the ſame. Moreover, if the greater 
Axe PO be ſo divided in S and F, that the rectan- 
gle under PS and SO, as alfo the rectangle un- 
der P Fand Fo be equal to the Square made up- 
on RE, $ and F will be the Foci of the Ellipſe by 
Prop.-F 2. B. 3. Elem. Conic.) But theſe Points thus 
found (by 58 Dat.) are given: and if che Axes and 
Foci of the Ellipſe are given, the Ellipſe may be 
deſcribed by Prop. 54. B. 1. Conics of Apollonius. 
There is no need of annexing here the form 
of a Trigonometrical Calculation: ſuited to this 
Problem: For it is well known to Geometers, 
that whatever is found out by the help of Euclids 
Data, may alſo eaſily be found by a Calculation, 
proceeding exactly after the ſame manner, and 
generally ina Trigonometrical manner, as it hap- 
pens here: Indeed the inveſtigation of any Pro- 
blem by the help of Euclid's Data, is an univerſal 
method of determining it, and very uſual with 
che Ancients. unf, OED. 


P PROPOSITION XXXIII. 
F Centric places of a Planet and the Diſt ances from 
_ the Sun being given, to find its Orbit. 

In the preceding Propoſitions, while we were 
determining the Orbits of the Planets, we ſuppo- 
ſed nothing, but what was agreeable to Obſervati- 
ons exactly made as well as to the Phyſical * of 
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their Motions demonſtrated in Byoł-1: Namely, 
that the Orbit of any Planet is an Ellipſe, one of 
whoſe Foci is the Sun at reſt, and that a Planet 
deſcribes it after ſuch a manner, as that its Area's 
or Sectors contained between right lines draun 
to the Sun, and the Arcs of the e are pro- 
portinal to the Times wherein the ſaid Arcs are 
defcribed by the Planet. For tho' we have ſup- 
poſed in Prop. 14. with Ward, for a little while, 
that a Planet deſcribes its Orbit ſo, as that its an- 
gular motion at the Focus of the Ellipſe in which 
the Sun is not; yet this was only done, becauſe 
in the Orbit of the Earth, which is not very ex- 
centric, an approximation is made to the equal 
deſcription of Areas by a radius drawn to the Sun, 
2s is not to be difregarded, as was ſhown in Prop. 
7; And we corrected the Orbit of the Earth de- 
fined according to that Hypotheſis, as much as 
we pleaſed in the following 15th Propoſition. 
But in this Propoſition we ſhall not ſo much as 
ſuppoſe that the Sun is placed in the Focus of 
each Orbit; but ſhall deſcribe the Orbit by the 
help'of five given Centric Places, and as many 
Diſtances from the Sun, independently upon it: 
And by this means the truth of the preceding 
Prop. will appear clearer, ſince the Sun will be 
found to be placed in the common Focus of the 
Orbits thus deſcribed. | | 
The Centric places of the Planet being given, 
the right lines, wherein it is ſeen from the Sun, are 
alſo given by poſition : Let them be S N, S M, SL, 
SKand SH; [Fig. 34.] and the correſponding 
Diſtances from the Sun being given, the poincs 
N. A, L, X and H (by 27 Dat.) are given. Thro' 
theſe points by the help of the preceding Lemma) 
deſeribe an Ellipſe, and it will be the Orbit of the 
Planet ſought. And by the ſame Lemma the 
Vertices will be found, as allo the Foei, Poſition 
| | —ẽ— | * 
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of the greater axe and the other things that arg 
required in the Orbit of the Planet. , E. x, 


Poros iTIon XXXIV. 


p determine the Centric Place and Diſtance . 


the Sun, of any Planet propoſed, at any given Time, 


The plane of the Planets Orbit, the poſition 


of the Line of the Apſides and the Species of the 
Planet's Orbit being determined, (by the preced. 
Prop.) that is, the Orbit it ſelf being deſcribed in 
its proper Situation about the Sun, ſuppoſe A LP 
[F3g. 35. ] and the Moment being known (by Prop. 
25.) when the Planet was ſome time or other in 
the Apſis alſo the Periodic Time of the Planet 
(by Prop. 23.) the Time fince it was laſt in 
the Apſis, (v. g. A) will be known, or the ratio 


of the ſaid Time to the whole Periodic Time 


will be known ; that is, by the Law of Motion 
of the Planets, demonſtrated in B. 1. ſuppoſing 
the Place of the Planet L, the ratio of the area 
ALS to the whole Ellipſe 4 LPA is known. 
Find therefore the Angle A S L by Prop. 3, 4, 6, 
or 5. Therefore the right line S L is given by 
Poſition, ſince it is inclined in a given angle to 
PA the Line of the Apſides given in poſitien : As 
alſo in magnitude, by the ſame Propoſitions, (fince 
this is given in the parts of the Aphelion diſtance 
of the Sun S A, which is defined above in the parts 
of the Mean diftances of the Earth from the Sun, 
which is looked upon as the common meaſure of 
theſe lines;) that is, the Place of the Planet pro- 
| _ ſeen from the Sun, and its Diſtance from the 
ame. | | TT 
And vice verſa the Time may be found whena 
Planet ſhall be in a given Heliocentric Place; by 
finding the mean Anomaly (by the preced. Prop.) 
from the coequared Anomaly given, to the former 

of which the Time is proportional. p 
Ro- 
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PROPOSITION XXXV. 
XK T given Time to find the Geocentric Place of a 
Planet, as to Longitude and Latitude, and the 
Diſtance of the Planet from the Earth. 

Find (by Prop. 18.) the Heliocentric Place of 
the Earth in its proper Orbit, at the Time given, 
and ( by the preceding) the Heliocentric Place al- 
ſo of the Planet propoſed in its Orbit, with the 
reſpective Diſtances from the Sun. 

Let S (in Fig. 36.) repreſent the Sun, 7 the place 
of the Earth in its Orbit, L the place of the Pla- 
net in its Orbit. Let the right line SN be the 
common interſection of the Planes of theſe Or- 
bits, which is extended thro' the Sun, (becauſe 
the Sun is in both Planes) and whoſe poſition is 
given (by Prop. 19.) Beſides, the place of the 
Earth 7 being given, the right line S7 and the 
angle TS N in the Plane of the Ecliptic, are gi- 
ven; and the Place L of the Planet being given, 
the right line S L and the angle LSN, in the plane 
of the Orbit of the Planet are given. Draw thro 
Land S, and through L and 7, the Planes of the 
Circles of Latitude perpendicular to the plane of 
the Ecliptic, whoſe common interſection the right 
line LE (by Prop. 19. Elem. 11.) is perpendicular to 
the plane of the Ecliptic. Draw in the plane of 
the Planet's Orbit the right line LN, perpen- 
dicular to SN, and the line E N (by the converſe 
of Prop. I I. Elem. 11.) will alſo be perpendicular 
to the ſanie 8 N. 

In the Triangle SLN rightangled at N, 
SL and NSL are given; from whence the 
Side L N will be given. In the Triangle LE N 
rightangled at E, there are given the Side LN 
lately found, and the angle LNE, which (by 
Def. 6. Elem. 1 I.) is equal to the Inclination of the 
Orbit of the Planet to the Ecliptic, found by 

Prop. 
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Prop. 20. LE and EN are therefore given. Beſides 

in the Triangle LES, rightangled at E, the Sides 

LE and LS are given; therefore the Side SE, the 

Curtate Diſt ance of the Planet from the Sum is given. 

In the Triangle ESN, beſides the rightangle at 

N, there are given ES, and EN found before; 

therefore the angle ES N will be given, che Heli 
ocentric Longitude of the Planet computed in the 

Ecliptic from the Node : But the Place of the 
Node in the Ecliptic is given; wherefore the He 
liocentric Place of the Planet in the Ecliptic will 
allo be known. Again, in the Triangle 7 8 E, 
78 is given at firſt,. and SE was found juſt now; 
the angle TSE is allo. given (equal to the ſum ot 
difference of the given angles 75 N, ESN, be- 
cauſe the three right lines $ 7. 8 E, S N, are in 
the Plane of the Ecligtic, which is alſo called 
the Angle of Commutation:' And therefore all the 
reſt is given, namely, the angle JES, call d, The 
Parallax of the Orbit, and ST E the Elowg ation of the 
Planet from the Sun; that is, the. polition of the 
right line JE, or the Geocentric Place of the 
Planet in the Ecliptic, and IE the Magnitude of 
the ſame. Laſtly, in the Triangle T EL, right - 
angled at &, the Sides TE and EL are given; 
therefore 7 L the Diftance of the Planet from the 
Earth, and the angle LZ E the. Geocentric Lati- 


tude of the Planet will be known... | 
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bet" S#otron TV. W 
Of the greateſt Elongation of the Planets 


from the Sun, their Direction, Station, 
and Retrogradation. ay 


: * PROPOSITION XXXVIL 
T O determine rhe greateſt Elongation from the Sun 
of a given Planet, ſeen from a ſuperior one alſo 
given, and its Time. | | 
Let $be the Sun, 7 R the Orbit of a more ro- 
mote Planet, [Fig. 37.] VP of a nearer. | Let the 
radius SY of the nearer Planet be drawn any how; 
and perpendicular to it YT, meeting the more 
diftant Orbit in 7, which conſequently (by 16: 
El. 3.) will touch the Circular Orbit TP in J. 
The inferior Planet will be ſeen by the ſuperior 
in T, to be at its greateſt Elongation from the 
Sun in /: For a right line drawn from any other 
point (as v) of the Orbit PV to T, will contain 
2 lefſer Angle with TS. Therefore in the Tri- 
angle TVS, rightangled at V, the ratio of the 
vides ST, SY (namely the Diſtances of the given 
Planets from the Sun) is given; therefore the q- 
ther angles TSV, S are known, the latter of 
which is the greateſt Elongation of the Planet 
from the Sun, the other T5 is the angle of 
Commutation or Heliocentric Diſtance of the Pla- 
nets. Whenever therefore the angle of Commu- 
tation, found juſt now, happens, it at the ſame 
time happens that the inferior Planet, ſeen from 
the ſuperior, is at its greateſt Elongation from 
the Sun. | 
We have hitherto ſuppoſed the Orbit of both 
Plapets to be Circular ; but if due regard be had 
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to their Elliptic Figure, the Problem is ſolvable 
much after the ſame manner. For the angle 
SVTis given, that the right line VT [Hg. 38. 
touching the Orbit, makes with the radius $7, 
richie? in an aſſumed Angle to the Line of the 
Apfidesbelides SY is given in magnitude, ſince its 
Inclination to the Diſtance of the Aphelion Se al- 
ready given in magnitude is known; and becauſe 
the angles AS#y & SV are known, alſo the angle 
/s J, (very nearly equal to that, which would 
be were. both Orbits circular;) the angle 4 ST 
will alſo be known, and conſequently $7 will 
be known in magnitude; from whence what re- 
mains is done as before. In this cafe the greateſt 
Elongation changes according to the different Di- 
fiance of the point / (where it is celebrated) 
from the Aphelion of its proper Orbit: For it is 
greater (ceteris paribus) in à the Aphelion of the 
inferior; leſs in the Perihetion, a mean in the 
mtan Longitude; it is alſo various, the place / 
of the inferior remaining the fame, according as 


the fuperior'is ſituated in T or -. 


P BoOrOSITION XXVII. 

X Ny Primary Plant ſeen from any other Primary, 
{'\  4fpears in ſomè part of its Orbis, Stationary, in 
not her Direct, and laſtly in another Retrograde. 
Let $ be the Sun, [ig. 39.) about which two 
Planets revolve from D thto' C towards B, the Or- 
bit of 'the nearer PT; of the more diſtant RZ; 
the arcs deſcribed by them in equal ſpaces of 
time AR, PB. Draw SR any how' meeting 
the nearer Orbit in P. Between 8 R and SP let 
M be a Geometric Mean. Then (by Prop. 27 
B. I.) the Velocity of the more diſtant Planet 5 
to the Velocity of the nearer, as 8 P to S N: 
Bur the Spaces deſcribed by Bodies in Motion, , 
1 18 equa 
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equal Times are as their Velocities; and therefore 
AR is to PB, as SP to SM; wherefore AR is leſs 
than PB. And it is plain that it is poſſible for two 
parallel right lines HA Db, GRCg to be drawn 
thro' A and R, ſo as that the arc of the nearer 
Orbit intercepted by them, is equal to the arc PB. 
For parallel right lines may be ſo drawn, that as 
much as CD (equal to PB) is greater than AR, 
ſo much it may be more oblique, (and the are of 
the interior Orbit is given, which is as oblique 
to the parallels thro' 4 and R as you pleaſe,) that 
the arc C D compenſating the greater length by its 
greater obliquity, may touch both of :the parallel 
right lines in their extremities, Which being 
ſuppoſed, if the Planets be found in ſuch a ſitua« 
tion in regard of one another as A and Dare 
here; that is, if the angle of Commutation at the 
Sun be equal to the angle 45 D, (which, it is e- 
vident, it will be twice neceſſarily between the 
two next Conjunctions of the Planets propoſed 
ſeen from the Sun, ) the one ſeen from the other 
all that ſpace of time, wou'd be refer'd to the 
ſame Fix d Stars; that is, it would appear Statio- 
nary. For the ſuperior at A is ſeen from the in- 
ferior at D, in the right line DAH, and while 
the ſuperior is going to R, the inferior is going 
to C, (ſince by ſuppoſition DC is to AR as the Ve- 
locity of the Planet, which is nearer to the Sun, 
is to the Velocity of the more diſtant:) That 
therefore ſeen from this, in the right line C R 
will be referred to the ſame place among the 
Fix d Stars, to which it was before referred, ſince 
the diſtance between the Parallels D 4, CR vani- 
ſhes in compariſon with the diſtance of che Fix'd 
Stars. And, for the ſame reaſon, the inferior 
Planet deſcribing the arc DC viewed from the ſu- 
perior, while it deſcribes the are AR in the ſame 
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time, will alſo appear Stationary. In like man- 
ner, if the Planet next the Sun be on the other 
ſide of the point P, (in which being viewed from 
the Sun, it ſeems in conjunction with the more 


diſtant Planet; that is, in which the Sun and ſu- 


perior Planet viewed from the inferior, are ſeen 
in oppoſirion, and where the inferior ſeen from 
the ſuperior appears in conjunction with the Sun, ) 
and as far diftant from it, namely where the viſual 
rays of any ſenſible time are again parallel to one 
2nother, for inftance, at cd, the one ſeen from 
the other will again appear Stationary. | 

I fay further, that before the Planet, which is 
nearer to the Sun, arrives at the beforemention'd 
ſituation in reſpect of the ſuperior, that is, the 
Tuperior being in R, before the inferior arrive at 
D; the one feen from the other will appear to 
move in conſequentia. For let the arc DF be taken 
equal to PB or DC, and join the right lines FA, 
DR, and produce them both waysin K AFL and 
TRDL; they will not be parallel, but diverge to- 
wards the parts beyond RA (in reſpe& of the Sun, 
but on this ſide they will converge and concur, 
for inſtance, in the point L, from whence they 
will again diverge. For ſince (by ſuppoſition) 
DA, CR are parallel, and DF equal to CD, but 
more oblique to RD than CO is to RC; tis evi- 
dent that DR, FA diverge on the other ſide of 
RA, and conve. ge on this fide of R A; viz. ei- 
ther behind DF, if it be in that part of the nearer 
Orbit that is turned towards R (as in the caſe 
of this Figure) or between RA and DF, if in that 
part which is turned from it. If now the infe- 
rior being in F., the ſuperior be in A, the latter 
viewed from the former will be ſeen in X: But 
the inferior being arrived at D, the ſuperior i 
got to R (by ſuppoſition) and is ſeen from it at 
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But to come from the ſituation of K to the ſitua- 
tion of I is to move in conſequentia, or to be Di- 
rect; for any of the Planets ſeen from the Sun, 
moves in conſequentia from A to R, or from D to. 
C. Nay, even the inferior ſeen from the ſuperi- 
or at the ſame time ſeems Direct: For the inferi- 
or in F will be ſeen from the ſuperior A at.& ; and 
afterwards the inferior at D will be ſeen from the 
ſuperior in R at ; : But to change place from & 
to i, is alſo to tend in conſequentia ; for the Sun 
Teen from any Planet ſeems to move in conſequen- 
tia; namely from S towards 2. In like manner, 
after the Planet, which is nearer to the Sun, has 


paſſed the ſecond Station at 4, it becomes direct 


again, and continues ſo till the inferior arrive a- 
gain to a ſituation in reſpect of the ſuperior, (as 
is Din regard of A;) which it will do after it has 
compleated an intire reyolution from the for- 
mer place D, and ſo much of another beſides, as 
is requiſite for it to recover the ſaid ſituation a- 
gain, in regard of the more diſtant Planet, that 
had in the mean time gone forwards. N 
Iſay thirdly, chat the one will appear Retrograde 
to the other, after that the Planet that is nearer to 
the Sun has got beyond the above deſcribed boun- 
dary DC Ge the firſt Station, and has not arrived 
at the ſecond c d. Let C E be taken equal to PB, 
or DC; draw the right lines C A, ER, and Tet 
chem be produced both ways into OC AY o, and 
NE RY», which are not parallel, but diverge 
towards the parts C E, and converge towards AR, 
and being produced meet, for inſtance in J, be- 
cauſe by ſuppoſition DA, CR are parallel, and 
CE is equal to D C, but leſs oblique rowards R E 
than C D is towards RC. If now while the ſu- 
perior is in A, the inferior be in C, this wil! be 
een from that in O, and that vice verſa will be 
1 A 
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ſeen from this in o: But when the ſuperior is got 
to R, and t he inferior is found at E, this will be 
ſeen from that at N, but that will be ſeen from 
khis at 3. But tis evident, that to ſeem to move 
fro m O to N, or frohi o to , is to move contra- 
y ro the ordet of the Signs; ſince from S to 9, 
Ir from 4 to R is according to the order of the 
den namely that wherein the Primary ſeen 
from the Sun, or vice verſa, the Sun ſeen from the 
Primary ſeems to tend. And this apparent Re. 
trogradation of the Superior ſeen from the Inferi- 
erp of the Inferior from the Superior, continues 
frohr the celebration of the firſt ſtation at D C, to 
the ſecond at © 4: But by reaſon of the motion 
of the more fiat Planet, this ſecond ſtation is 
removed a little In conſequentia, or beyond the 
place c here expreſſed. *Tis therefore evident, 
that any Primary ſeen from another Primary 
in ſome part of its Orbit is Direct, and in ſome 
Retrograde; and laſtly, in ſome Stationary, 

be COOL ATT ' 
© *Tis evident 'ftom the demonſtration of this 
Propoſition, that a ſuperior Planet ſeen from an 
inferior appears at the ſatne time Direct, Stationa- 
TY, and Retrograde, that the inferior ſeen from 
that ſuperior does. 

kf COROLLARY _ 
The more unequal the ratio between the Or- 
bits of two Planets is, the nearer its place in the 
Orbit of the inferior, in which the inferior is found 
while the one ſeen from the other appears Statio- 
nary, is to that point of it, from which a right 
line drawn to the more diſtant Planet, touches 
the Orbit of the inferior ; that is, where the in- 
ferior ſoen from the ſuperior (by Prop. 26.) ap- 
pears in its greateſt Elongation from the Sun; 
and the angle greater wherein the Sun and ſupe- 
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rior Planet, ſeen from the inferior, ſeem to be di- 
ſtant from one another. For the greater: the M- 
tio of SR is to S N, the greater will the ſubdupli- 
cate of the latter, namely the ratio of & & be to 
AAS 3 that is, (by conſtruction) the ratio of CD 
to R A. And therefore the line C D muſt hs more 
oblique to RC or AD, that D A, R may b 
come parallel; but it is evident that C D is ſo 
much the more oblique as it is nearer to the point 
of the inferior Orbit, from whence a right line 
drawn to R touches it. Fm; 1 
From hence it is, that co make Saturn Statio- 
nary there is need of ſo ſmall a receſſion of the 
th from the point of its Orbit, where a right 
line drawn to Saturn touches it, towards the 
point where the Earth comes between the Sun and 
Saturn; to make Jupiter Stationary, a greater re- 
ceſſion from the point of contact of the Orbit of 
the Earth, with a right line touching it drawn to 
Jupiter; to make Mars the greateſt. Therefoſe 
Saturn is Stationary, when ſeen from the Earth it 
is diſtant a little more than a Quadrant from the 
Sun; that is, between the Quartile and Trine 
Aſpect; Jupiter will appear Stationary almoſt in 
the Trine of the Sun; Mars beyond the Trine. 
Hence it is alſo that the arc of the Orbit of Mer- 


cury intercepted between the point where Mer- 
gury is ſeen from the Earth at its greateſt Elon- 


gation from the Sun, and the point where its next 
Station is ſeen, ſubtends a leſs angle at the Sun 
than the arc of the Orbit of Venus contains he- 
tween its greateſt Elongation from the Sun and 
next Station: And therefore ſince it ſubtends 
both a leſs angle at the Sun, and belongs to a leſs 
Circle, and beſides is preſented more Obliquely 
to the Earth, obſerving it, and is more diſtant 
from it; tis evident that the Stations of Mercury 
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are much nearer to its greateſt Elongations from 
the Sun than thoſe of Venus. | 

i! 11-1: GOROLL ARRI 3. 
And from hence again it follows, that in re- 
ſpect of the fame inferior, in two ſuperior Pla- 
nets compar'd together; the farther off the Sun 
the ſuperior Planet is, the longer its Retrograda- 
tion continues; for (by the preced. Corol.) it be- 
gins ſooner and ends later. But the angle of Re- 
trogradation is leſs, becauſe the Orbit of the gi- 
ven inferior Planet ſeen from the more diſtant 
ſuperior Planet appears under a leſs angle, thanif 
it were ſeen from a nearer: From this Prop. 37. 
tisevident, that the angle of Retrogradation (con- 
tain' d between two right lines from the ſuperior 
Planet oppoſite to the Sun, to the places of the 
inferior Orbit, where the one appears Stationary 
to the other) is almoſt equal to the angle where- 
in the Orbit of the inferior is ſeen from the ſy- 
perior, ſince the above mention'd-i points: of the 
Nations are not far from the points of contact. 
Hence it is, that the Retrogradation of Saturn 
ſeen from the Earth is longer, but made along a 
leſs arc, than that of Jupiter; and that of Jupiter 
in like manner to that of Mars. & 
_ | COROLLARY 4. 

But in reſpect of the ſame ſuperior, in two in- 
ferior Planets compared together; the farther off 
the ſuperior Planer is from the Sun, the -longer 
is-its Retrogradation and along 'a -greater arc. 
The former is evident from the preced. Corol. ſince 
the Retrogradation of two Planets is mutual by 
Corol. 1. The latter is evident from hence, that 
a Planet that is more diſtant from the Sun, while 
it appears Retrograde, deſcribes a longer arc 
flower, and therefore ſpends more time. 3 

Hence it is, that Venus ſeen from the Earth, is 
both longer Retrograde, and along a greater are 
than Mercury, COR OL 
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pe, COROLLARY. 5. 

Hence it alſo follows, that when two ſuperior 
Planets are ſeen from an inferior in Conjunction, 
if that which is farther off from the Sun be Direct, 
that which is nearer the Sun will alſo be Direct; 
if that whichis nearer the Sun be Retrograde,that 
which is farther off the Sun will alſo be Retro- 
grade. Let S repreſent the Sun in [Fig. 40.] IT 
the Orbit of an inferior Planet; PZ, R the Or- 


bits of two ſuperior Planets. Draw S T any how 


interſecting the Orbits of the ſuperior in S and R. 
Let B be the Place in the Orbit of the inferior, 


where the inferior Planet is when the more di- 

ſtant one in R is ſeen from thence to be Stationa- 

IF and let A be the Place in the ſame, where 
e 


inferior is found when the next in P ſeen 


from che inferior appears to be Stationary. Join 


the right line AP, AS, B R, BS. From Corel. 2. it 
is evident that the Place 4 is nearer to the point 
I than B, and that the angle PAS is greater than 
RBS. When the Planet in R __ Dire& from 
the inferior, the Place of the inferior ought to be 
farther diſtant from I than the Place B, for in- 
ſtance in C. Suppoſe now that the nearer gf 
the ſuperior Planets ſeen from the inferior 
is in conjunction with the more diſtant one, 
and it will be therefore in the point E, wherethe 
right line CR interſects the Orbit PZ. By Prop. 
21. Elem. 1. the angle ECS is leſs than the angle 
RBS; therefore it is much leſs than PAS. 
Therefore a Planet ſeen in E from C is Direct; 
becauſe to make it Retrograde, tis requiſite that 
ECS be greater than P AS, which is requiſite to 
make it Stationary. Burt the inferior being be- 
tween B and 4, the more diſtant at R will ap- 
appear Retrograde, and that which is nearer to ic 
in conjunction, ſtill Direct; becauſe the Planet 
that takes che view is not. 3s yet arriv'd to the 
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But if tho nearer of the ſuperior Planets ap. 
ars Retrograde at P from the inferior, the in. 
erior will be between A and 7, for inftance in D. 
If now the more diftant Planet appear in con- 
junction with it, that will be in the right line 
DS produced to the Orbit R/, namely in F: 
But the angle F DS is greater (by Prop. 21 El. 1.) 
than PAS, which again is greater (by what has 
been ſhown) than R B S. And therefore the more 
diſtant Planet ſeen in F from D, appears Retro- 
grade, ſince to make it appear Direct, a leſſer 
angle at the inferior than R BS is requiſite. 
And hence it is that when Saturn is ſeen from 
the Earth to be Direct, Jupiter and Mars can't be in 
conjunction with him unleſs they alſo be Direct; 
or Mars can't be in conjunction with Jupiter Di- 
rect, unleſs when he himſelf is Direct: But either 
Jupiter or Mars Direct may be in conjunction 
with Saturn Retrograde, and Mars Direct may be 
in conjunction wich Jupiter Retrograde. But Ju- 
piter and Saturn can't be in conjunction with 
Mars Retrograde, unleſs they themſelves be Re- 
trograde; or Saturn with Jupiter Retrograde, 
unleſs Retrograde. N 1 
LEMMA. | 
Tven in the quadrilateral figure CG D K [ Fig. 
| 41.] inſcribed in a Circle, (one of whoſe ſides 
CK is a diameter of the Circle,) the ſide CG and the 
diagonal CD, together with the ratio between the op- 
Poſite fide K D and the other diagonal G K, (the ſame 
that is between the giveu right lines N and M;) 10 
Ind the angle G CD containgd between the given file 
and the given diagonal. 
Becauſe the ſum of the Squares of the right lines 
CG and KG is equal to the ſum of the Squares of 
the right lines CDand KD, (for each of the ſums are 
equal to the Square of C K;) the difference of the 
—— R Squares 
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Squares of the right lines G K and K D will be 
equal to the difference of the Squares of the right 
lines C D and CG; and conſequently given. More. 
over, becauſe GK is to DK. as A is to N, the 
Square of GK will be to the difference of the 
Squares of G K and DK, as the Square upon the 
right line M is to the difference of the Squares 
upon M and N; being made out of thoſe in the 
ſame ratio with them that are ſimilarly made out 
of theſe, which are proportional to thoſe : There- 
fore the Square pon G K (by Dat. 2.) will be gi- 
ven; the Square alſo of CR, made up of the given 


Square of GX and the Square of CG, is alſo 


given: Conſequently the right lines themſetves 
CK and G K are given, the right line DX is alſo 
given, becauſe ir has a given ratio tG GX. But 
it is a known Theorem among Geometers, de- 
monſtrated by Ptolemy, B. 1. of the great Conſtructi- 
on, Chap. 9. that in a quadrilateral CG DK inſcri- 
bed in a Circle, the rectangle contained under 
CD and G K is equal to the rectangle under C G 
and DK, together with the rectangle under CK 
and GD. And therefore the rectangle under C D 
and G K, leſſen'd by the rectangle under CG and 
KD is equal to the rectangle under C K and GD. 
But the rectangled Parallelograms that are con- 
tained under the given right lines are given, and 
the difference of the given rectangles is given; 
and conſequently the rectangle under CK and 
D G is given, and CK is given; therefore G D is 
given. And the three ſides in the Triangle GCD 


being given, the angle GC D will be found, 


PROPOSITION XXXVIII. 
T*O find the Angle of Commutation, wherein two 
L given Planets ſeen from the Sun are diſtant, and 
the angle wherein the Sun and either of .the — 
' 's | 008 
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from the other are diſtant, when one of the gi ven Pla- 
nets ſeen from the other appears Stationary. 
Let $ be the Sun [ Fig. 42.} RY, PT the Or- 
bits of the given Planets ; and Jet CD, RA be 
the Arcs deſcribed in the ſame time by the Pla- 
nets, while they are ſeen from the other Statio- 
nary, which are given by what has been ſaid at 
Prop. 37. Join 8 R, SC, and RC, AD, which (b 


* 


he preced.) will be parallel. Thro' C draw the 


YI 


lines CG parallel to RA, alſo thro' G the right line 
GX parallel to RS, and thro' D the right line DX 
parallel to CS, which may meet in &, join the 
right line CK. The Triangle GKD will be equi- 
angular to the Triangle RSC, (ſince each of the 
ſides of that, is parallel to each of this,) and con- 
ſequently ſimilar. Becauſe the Time of the'Sta- 
tion of the Planec is yery ſmall, if compared with 
the periodic Time even of the ſwifteſt, the ling 
C D does not ſenſibly differ from a right line; as 
alſo RA or CG, much leſs. The former therefore 
does not differ from HC a right line produced 
touching the Orbit P T in C, and the latter pro- 
duced will be the right line C L perpendicular to 
SR, as AR is to the ſame. Moreover, a Circle 
made upon the diameter C K paſſes thro D and G, 
becauſe the angles C G K, C D K are right; being 
by conſtruction equal to the right ones SLC, SCH, 
CG DRK therefore is a Quadrilateral inſcribed in 
a Circle, one of whoſe ſides C K is the diameter 

of the Circle, and in which are given the ſide CG 
and the diagonal C D; as alſo the ratio between 
the oppoſite ſide D K and the other diagonal G K, 
namely, the ſame that there is between the Semi- 
diameters CS, RS of the given Orbits. And 
therefore (by the Lemma premiſed) the angle 

GCD will be found, to which the vertical angle 

HCL is equal ; and to this again the angle RSC 

is equal, which is the Angle of ed 

n Ld „ 5 . . ö where 
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whereby the two given Planets ſeen from the Sun 
are diſtant, when the one ſeen from the other 
appears Stationary. Moreover, in the Triangle 
RSC the two ſides & R, S C, and the angle RSC 
contained by them being given, the angles SRC, 
SCR will be found; the former of which is that 
angle whereby the inferior is diſtant from the 
Sun, while it appears Stationary from the ſuperior, 
the latter is the angle whereby the ſuperior is di- 
ſtant from the Sun, while it appears Stationary 
from the inferior. | 
This Method of defining the Points of the Sta- 
tions fit for Calculation and more natural, and 
as it were depending upon the motion of the Spe- 
ctator about the Sun, I have demonſtrated; paſſing 
over the Geometrical Conſtruction of this Pro- 
blem laid down by Ptolemy in B. 12. of his Almageſt. 
accomodated to the Hypotheſis of the Earth's be- 
ing at reſt, which Apollonius Pergas formerly gave, 
and which Copernicus notwithſtanding ſays, that it 
no leſs agrees with his Principles of the Motion of 
the Earth, in B. 5. Ch. 35, Revolut. and which you 
may ſee in the abovemention d Authors. 
If the plane of two Orbits be not the ſame, the 
one may be reduc'd to the other, as letting fall 
from all the points of the Orbit, which is to be 
reduced, perpendiculars to that other, by which 
means the circular Orbit becomes Elliptic, the 
the Elliptic is chang'd into another Ellipſe, or 
perhaps into a Circle. But a new Orbit is more 
eaſily drawn (by Prop. 33.) thro' five Points, twa 
of which' are the ſame with two of the Orbit, to 
whoſe Plane the other is reduc'd, namely, the 
common Sections of that with this; the three o- 
thers are found, by ſeeking the Curtated Diſtances 
from the Sun, as was done in Prop. 35. And if 
the other Orbit, or both after the reduction be- 
come Elliptic, the Problem is conſtructed in — 
after 
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after the like manner, and the preceding Calcu- 
lation applied to this caſe, after the ſame manner 
as was done in Prop. 36. in a caſe not much diffe- 
rent. But to find the ratio between R A and CD, 
Prop. 4.x. B. x. is to be uſed inſtead of Prop. 27. of 
the ſame Book; which was uſed in the caſe where 
both the Orbits were circular. | 
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SECTION V. 


Concerning Tables of the Primary Planets, .and 
| | the Uſe of them. 


OR reaſons much like thoſe mention'd in 
Seck. 9. B. 2. concerning making Tables of 
the Firſt Motion, Tables are alſo made for the 
more expeditious finding the ſituation of the Pla- 
nets, both in regard of one another, and in re- 
ſpect to the Fix d Stars at a given Time. The Art 
and Method of making them may be learnt from 
what goes before, but the Order from what fol- 
lows. | 
. PRO POSITION XXXIX. 
O deſcribe the Tables, by the help of which the 
1 Heliocentric and Geocentric Place of any Primary 
Planet at à given Time is expeditiouſly determined. 
In the firſt place, we have 4 Table of the, Equa- 
tion of Time, conſiſting of two Parts, of which we 


have treated in Prop. 17. And becauſe in a come 


plicated Calculation it would be a tedious piece 
of work to take out the two component parts 
with their Signs, add or ſubtract them as occaſion 
requires, they form one Table made out of them 
mixt together, fitted to the Age the Calculator 
lives, in ſince in that Age the ſituation of the Points 
0 


ol the Ecliptic, in regard of the Earth's Aphelion, 

z not ſenſibly changed. | 1 
F Tho' this Table of the Equation of Time may 
de reckoned among the general Tables, ſince 
of | Time muſt be uſed to determine the Place of any 
moveable Body, and that marked out by ſome- 
thing moved equably ; and all Time is common- 
ly (and moſt aptly) reckoned by the Sun: The 
— | motion of this Body which is in its own nature 
unequal, ought to be reduced to an equality; 

that is, ſuch a Table as this ought to be uſed : 
Notwithſtanding, ſince the Equation of Time 

14 || marked by the Sun depends, on a double account, 
upon the ſituation of the Earth in regard of the 
Sun, this Table tho general in its uſe, and ne- 
ceſſary in determining the motion of the Fix d 
f Stars from the preced. Book, as of the Secondary 
* || Planets from the following, ought to be reckon'd 
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from its own nature, among the Tables of the 
> || Primary Planets. = 17 
a The Tables are to be made ſeparately for each 
m of theſixPrimaries, namely Saturn, Jupiter, Mars, 
L che Earth, Venus and Mercury. Tho this, or 
che inverſe of this, be the true order of the Pla- 
nets, and the Tables of them (each ſeparately) 
ought to be diſpoſed after this order naturally ; 

5 et with us, who are the Inhabitants of the Earth, 


tis neceſſaty that: the Tables of the Earth have 
che firſt place, both becauſe by the help of theſe, 
the motion of the Earth is found, on which the 
apparent motion of the Sun (which leads all the 
other Planets) depends; which is neceſſary in 
the firſt place to determine the motion of any of 
the reſt, by reaſon of the Equation of Time de- 
pending upon it. Y 9h THIS 
In the Tables of each of the Planets firſt of all 
the Radix of the Motion of the ſaid Planet is to 
be ſettled; that is, at any celebrated point of 
; mean 


2 
8 
* 
6 
$ 
1 
3 
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5 
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mean Time pitched upon according to the rec- 
koning of the place, for which the Tables are 
made, you have marked by the help of the pre- 
ceding Propoſitions, the Heliocentric Longitude 
of the ſaid Planet, of the Aphelion and aſcend. 
ing Node of the ſame; the firſt whereof, namel; 
the Diſtance of the Planet from the Equinoctial 
conſiſts of two heterogeneous parts ; namely the 
diſtance of the Aphelion of the Planet from the 
Equinox, expreſſed by the angle, and the diſtance 
of the Planet from the Aphelion, expreſſed by the 
area of its Orbit. 

In the ſecond place, the Mean Motions from 


— 
ww ca 


the Equinox of the Planet it ſelf, of the Aphelion 


and Node, for ſingle Years, Tens, Hundreds, Oc. 
alſo for Months, Days, Hours, and parts of Hours, 


are diſpoſed into Tables. 


In the third place, a Table is ſubjoined, exhi- 
biting the true Anomaly of the Planet to the ſeve- 
ral degrees of the mean Anomaly of the ſame. 
This Table may be made either by Prop. 3. or by 
Approximation by the 4th, 6th, or 7th Propoſiti- 
ons, according to the nature of the Approxima- 
tion which a Perſon has a mind to uſe. | 

Inithe fourth place, you have a Table exhibiting 
the Diſtance of the Planet from the Sun, (found 
by the ſame Propoſitions, together with Prop. 22.) 
in parts, whereof the mean Diſtance from the 
Earth contains t00000, for the ſeveral degrees of 
the mean Anomaly. Theſe two Tables are ad- 
vantageouſly reduced into one, by ſetting next to 
each degree of the mean Anomaly, the agreea- 
ble true Anomaly and correſponding Diſtance, 
To theſe Diſtances, for eaſe of Calculation, are 
annex d the correſponding Logarithms ; or even 
the Logarithms of the Diſtances alone are diſpoſed 
into Tables, ſince they are ſufficient for Calcu- 
— 6 " | 
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In the fifth place, is put a Table of the Centris 
Latitude, or Inclination of a Planet to the Plane 
che Ecliptic for the ſeveral degrees of the Dis 
* from the neareſt Node, which Diſtance 
from the Node is commonly called by Aſtrono- 
mers, The Argument of tbe Latitude. be 
In the ſixth place, you have a Table of Redu- 
ion, whereby the Place of g Planet in its propet 
Grbir is reduced to a Place in the Eoliptie, ſhew- 
ing how much more or leſs forward it is in the 
latter than in the former. 
In the ſeventh place, you have a Table ſnewing 
how much the interval of a Planet from the Sun 
in its proper Orbit is to be curtated, to reduce it 
to the plane of the Ecliptie; by letting fall from 
the Planet a perpendicular upon it. And firice 
cheſe three (namely the Inclination, Reduction 
and Curtation) are fitted to the ſeveral degrees of 
the Argument of Latitude, the three preceding 
Tables will commodiouſly come into one; as was 
ſaid, before concerning the third and fourth Ta- 
le. Theſe three things are found by commen 
rigonometry, having the Inclination of the Or- 
bit ot the Planet to the plane of the Ecliptic, 
which is done by Prop. 20. Bf 
In the eighth place, is | advaritageouſly placed 
the Angle of Commutation (found by Prop. 38.) 
making in that Planet an apparent Station from 
the Earth. And becauſe neither the Orbit of the 
Planet nor of the Earth is circular, neither can 
the ſame Angle of Commutation ſerve in every 
caſe, nor the fame in the two next Stations; the 
Angles of Commutation producing both the firſt 
and ſecond Station of the Planet, are diſpoſed 


into a Table, for four or eight of the principal 
n,, ee 54 255 
In every ons of the Inferiors may commodi- 
dully be added a Table, (made by Prop. 36,) coa- 
H h lexing 
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lexing with the former, of the Angles of Com. 
mutation in the greateſt Elongation of the Pla- 
net from the Sun, as well towards the Eaſt a; 
towards the Weſt, "fired to the fame Anomalies. 
Totheſe, the Deprefſion of the Sun below the Hori- 
zon in the Moments of Heliacal Riſing or Set- 
ting is alſo added. And theſe are the common 
Tables uſually made by Aſtronomers for the 
_ finding out the Places of the Planets. a 


ProrosrTION XI. | 
O calculate the Heliocentric and Geocentric Place 
of any Planet, in regard of Longitude and La- 
titude at any time propoſed, by the help of the above de- 


ſcribes Tables, and to define its Paſſions. 


- Firſt of all, let the Time propoſed be equated, 
25 was ſhewn in Prop. 17 3 let the Place of the 
Earth ſeen from the Sun, and its Diſtance from 
ehe Sun be found for thit mean Time, as in che 
x8th, And ſince by the help of the firft Table 
at the aſſum d Epocha there are given the diſtan- 
ces of the Planer pro ſed, and of' its Aphelion 
and aſcending Node L bom ; the Equinox ; and by 
the und, their Mean Motions made between 
the ſaid Epocha and the Time propofed, being 
equated, as was ſaid; the mean Diſtance of the 
Planet from the: Equinox, and the Diſtances of 
the Aphelion and the Nodes from the ſame will 
be given. The difference of the two former is 
the Planets mean Anomaly; to which, the corre- 
dent true one or angular Heliocentric Di- 
nce from its Aphelion may be taken, out of the 
thicd Table; and out of the fourth, the Diſtance 
of the ſame from the Sun. The Diftance of 2 
Planet from the Node, or the Argument of La- 
titude will likewiſe be given; to which, the corre- 
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taken, out of the fifth Table; and out of the 
ſixth, the Reduction, whereby it is reduced to the 
Eeliptic; and out of the ſeventh, the Curtation; 
which being ſubtracted from the Diſtance of the 
Planet from the Sun in its owh Orbit, firſt taken 
out of the fourth Table, leaves the Ctirtate Di- 
ſtance of the Planet from the Sun. 3 
After this manner may be had the following 
things in the Diagram of Prop. 35; vis. the right 
line ST [ Fig. 4.3:] in magnitude, namely the Di- 
ſtance of the Earth from the Sun; the ſame in 
poſition, namely the Hellocentric Place of the 
Earth; the right line SE in magnitude, viz. the 
Curtate Diſtance of the Planet from the Sun; and 
the fame in poſition, namely the Place of the 
Planet reduced to the Ecliptic : And conſequently 
the angle TSE is given, contained between right 
Unes given by poſition, which is alſo the angle of 
Commutation; therefore the angle S TE the E- 
longation of the Planet from the Sun ſeen from 
the Earth will be found. But the Place of the 
Sun ſeen from the Earth is given; and therefbte 
the Geocentric place of the Planet in the Eclip- 
tic, and TE the Diſtance of the Planet froni che 
_—_ 18971 ApS: 4 
Again, becauſe L E is perpendicular to tlie 
plane of the Ecliptie TS NE, the Triangles 
SEL, TEL are rightangled at E; and therefore 
the Tangents of the angles ET L, ESL ate in 
the ſame ratio with ES, ET: But ESL & the 
Heliocentric Latitude of the Planet firſt taken 
out of its proper Table, and the ratio of ES to 
ET is given; for the right lines themſelves are 
given, (but the ratio of theſe is the ſame with the 
ratio of the Sities of the oppoſite angles STE of 
Elongation, and T'SE of Commutation;) where- 
fore ET L the Geocentrie Latitude of the Planet 
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Moreover, by the angle of Commutation and 
Anomaly of the Planet found above, in the 
eighth Table it may be found whether the ſaid 
Planet be in the firſt or ſecond Station. But if 
the angle of Commutation be leſs than that which 
in this Planet makes the Station, the Planet will 
be Retrograde; if greater Direct; as was ſhewn 
above. And after the ſame manner, by the ſame 
Table it may be found whether Venus or Mercu- 
ry: be in their greateſt Elongation from the Sun. 
And by the Place of the Planet found above, 
and the known Depreſſion of the Sun requiſite 
to it, annexed to this Table, it may be determi- 
ned (by Prop. 38. B. 2.) whether the Planet is riſing 
or ſetting Heliacally, or lies hid under che rays 
of the Sun. And laſtly, by the ſame method, 
with that whereby che Phaſis of the Moon is deli- 
neated, Prep. 17. B 1, the Phaſes of Mars, Ve- 
nus or Mercury, at a given time may be de ine- 
ated. But Jupiter and Saturn always appear full; 
as was ſaid in Prop. 9. B. 1. PA 


In this Propoſition we do not attend to the va- 
riety of all caſes, viz. whether this Arc be to be 
ſubtracted from that, or vice verſa that from this; 
nor to the different caſes of Inclination and La- 
titude Northern and Southern, Elongation Eaſt- 
em and Weſtern, and the like of the reſt; nor 
how out of two numbers, the intermediate Tabu- 
lar number ſought is to be found by proportion: 
For we do not here give rules of calculation to 
be obſerved by a Calculator literally, but the 
Geometrical principles of a Calculation. 
Tho the Tables above deſcribed: are natural 
and commonly made uſe of, yet to find the Pla- 
ces of the Planets moe readily, Tables are made 
after this or the like manner advantageouſly e- 
nough, by ſuch as look upon the — 5 
| 1 85 
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Nodes of the Orbits of the Planets to be at reſt; 
as Street, Of all the Planets, Hamſtead atleaſt of the 
Apſides of the Earth. 57 013 ei t! 4 * 
For every Planet's Radixes are to be ſettled, 
not of the Longitude of a Planet, and of its Aphe- 
lion and Node, as before, but of the mean Ano- 
maly of the Planet: And the Motion of the Ano» 
maly tor Years and ſums of Years, Months, Day: 
(or rather for the particular days of the ſever 
Months current,) Hours, C . | 
To cheſe are added the following things, which 
always continue the ſame, determining the ſitua- 
tion of the Orbit of the Planet, and exhibiting 
the intire Theory expreſſed by numbers; namely 
1. The Diſtance computed in the Egliptic. of the 
Aphelion from ſome one of the Fix d Stars (for 
inſtance, the firſt of Aries, or the difference of 
Longitude of the ſaid Fix d Star and Aphelion of 
the Planet, which is called the Longitude of the A. 
phelion from 4 Fix d Star. 2. The Longitude of the 
aſcending Node of a Planet from the ſame Fix'd 
Star. 3. The Inclination of the Orbit of a Planet to 
the plane of the Ecliptic. 4. The Magnitudes of 
the greater Axe of the Orbit of a Planet and of its 
Excent icity, expreſſed in parts,whereof the mean 
diſtance from the Earth contains 100000. For from 
theſe, by the reſpective Propoſitions, the Longitude 
of the Planet from the firſt Star of Aries, the Incli- 
nation or Heliocentric Latitude Northern or Sou- 
thern, and the Curtate diſtance of a Planet from 
the Sun are found, for any mean Anomaly of the 
Planet. Out of theſe artificially annexed to the 
mean Anomaly, to which they belong, are made 
Tables; though inſtead of the Curtate Diſtance 
itſelf, the Logarithm alone will ſuffice for Calcu- 
lation. For ſince (by Prop. 43. B. 1.) the mutual 
ſituation of a Fix d Star and the Orbits of the Pla- 
nets remains the ſame, or the Lines of the Nodes 
Hh 3 and 
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nd Apſides ars at reſt, (at leaſt they are taken to 
de ſo by thoſe Authors,) to the ſume point of che 
ſame Orbit, that is, to the ſame mean Anomaly, 
theſe thfee continue the ſame and unvaricd in the 
ſame Planet. Theſe being taken out of the Ta- 
bles the reſt is done, as above in the Propoſition, 
But the Longitude of the firſt Star of Aries at a 
wen Time is found by the Tables of the Fixd 
Stars, of which ſee Prop. 68. B. 2. What remains 
about the Paſſions of the Planets is to be done af- 
ter the ſame manner as aboy e. 

Such Tables as are more ready for uſe than 
thoſe mention d above, are cal . of 
the Celeſtial Motions,” being calculated, from the 
perpetual” Tables deſcribed above, for a certain 
number of Years, and'they ſhew the Places of the 
ſeveral Planets 'as. to ety, 4a and Latitude, 
their Paſſions, and mutual Aſpects, as well when 
they are viewed from the center of the Sun, as 
from the center of the Earth, for every day; to 
which alſo are added the Places of the Moon com- 
puted for every day, its Phaſes, the Eclipſes of 
the Sun and Moon, and other thin gs found in 
the following Book. | 


{521 -. .- PropoOBtrTION KLE. 
TIN the Primary Planets compared together, the 
Squares of the Periodic Times are as the Cubes if 
the greater Axes of the Elliptic Qrbits, which they di- 
ſeribe ahout the Sun. CITES er 
Let S [Hg. 44. ] repreſent the Sun; MFTN 
the Orbit of the Earth, whoſe Apſides are 1M and 
N, AE PB the Orbit of any other Planet, whoſe 
Apſides are A and P, which are ſuppoſed to be fo 
delineated in the Scheme, as that the Inclination 
of the lines AN, AP may be the ſame with that 
found by what has been ſaid about the Lines of 
the Apſides of the ſaid Planets in the Heavens ; 
RE, | [F/T % 9 + *: 


«a 24 


as aiffcea}] am can a ae ooo = a > aca u Oo cx... oo. 


— 


Bobk III. of AS TNONOMVJ. 177 


and the ratio of the Cubes of them, the ſame witli 
that of the Squares of the Periodic Times of the 
ſame Planets. I ſay, that the Orbit of the Earth 
remaining, ano her Planet can't move in any 
other Ordit deſides that juſt now deſcribed 
AEP B. For if it can, let the different Orbit 
of the ſaid Planet be 24%; that is, greater or 
lefs than che Orbit AE P B. Let F denote the 
point in the Orbit of the Earth, wherein the 
Earth is when it is in conjunction with any o- 
ther Planet Hcliocentrially. The line S F drawn 
(and if need be, produced) will ſne in the Orbit 
AE PB, the point B, wherein the other Planet 
would then be found if it moved in this Orbit; 
and in the Orbit «+, which it is ſuppoſed to 
deſcribe, the point 8, in which it is really found. 
The Earth removing from F and the other Pla- 
net from g, after a certain time, let the former 
be found in 7, the latter in : $+ joincd will 
meet the Orbit 4 EP in the point E, in which 
the Planet would have been found, if it had de- 
ſcribed the Orbit A E P B, ſince the Periodic 
Time is ſufficiently known and certain. The right 
lines ET, I being drawn, the angle ST. will 
be the Elongation of the Planet from the Sun at 
the ſaid time: But this Elongation is not agree- 
able to obſervation, for tis the Elongation STE 
(drawn from the ſuppoſition, that the Planet de- 
{cribes the Orbit A E P) that does. And there- 


fore ſuppoſing MFT N to be the Orbit of the 


Earth, that other Planet does not deſcribe the 
Orbit 4à 78 different from the Orbit AEPB. 
But the Cubes of the greater Axes of the Orbits 
AEPB, MFTN are as the Squares of the Peri- 
odic Times of the Planets moved in thoſe Orbits. 
And the fame is collected of the other Planets 
compared with the Earth, for the like reaſons : 
And therefore ex £quo, in any two Primary Pla- 
| H h 4 nets 
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nets compared together, the Squares of the Peri. 
odic Times are as the Cubes of the greater Axes 
of the Orbits, wherein: they are carried. 
And generally the agreement of the Places by 


calculation with thoſe obſerved, argues the true 


Situation and true Species of the Orbit of any 
Planet, as well as the true Magnitude; | For the 
Situations of the Earth and the other Planets are 
ſo varĩouſly intermingled, that any: notable errors 
committed in the ſettling the Orbit and Theory 
of any Planet would ſometimes manifeſtly diſco- 
ver themſelves, and become very ſenſible: But 
on the contrary, the Places of the Planets drawn 
from Tables depending upon the ſaid Theories, 
ſtrangely agree with their Places by obſervation. 
The yery ſmall difference from obſervation in the 
mean while is owing to other cauſes; namely 
the action of the Planets upon one another, the 
effects whereof in diſturbing the motions of the 
Planets are afterwards to be conſidered, and their 
Orbits rectiſied from t hence. 1 57 
ne | 
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WME Geocentric Place of a Planet at a given Time 

being given, 10 find by the Tables the Place of 

the ſame ſeen - from a'gioen Place or Habitation upon 
os as that time. 

If the Habitation given be not in the ſame Ter- 
reſtrial Meridian with the Place to which the 
Tables are fitted, let the given Time be reduced 
to the reckoning of the Place of the Tables, by the 
Tables deſcribed Secł᷑. g. B. 2. To that Time find (by 
Prop. 36. B. a.) its Altitude, ſeen from the center of 
the Earth, above the horizon of the Habitation 
given, and the Azimuth. Let the Parallax of the 
Sun, that correſponds with the Altitude thus 
found, be taken out of the Table made by Prop. 
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of one Altitude, or known by fome Prop. of the 
2d Book, or by one of the following: And (by 
Prop. 48. B. 2. the Parallax of the Planet in the 
ſame Altitude above the Horizon, will be to the 


Parallax of the Sun taken above, as the Diſtange 


of the Sun from the Earth, to the Diſtance of the 
Planet from the ſame : But theſe Diſtances in the 
Place of the Planet to be computed by the preceg. 
were known; wherefore the Parallax of the Pla- 
net correſponding to that Altitude is found. This 
therefore is to be ſubtracted from the Geocen- 
tric Altitude found above, that it may become 
the Altitude once corrected in the given Habita- 
tion. To the Altitude thus corrected add the cor- 
reſponding Refraction, from the Table of Refra- 
ction made by Prop. 66. B. 2. of the uſe of which 
we have ſpoken in Prop. 68. of the ſame; and 
you will have the apparent Altitude of the Planet 
in the given Habitation, the Azimuth firſt found 
remaining unchanged. From this apparent Alti- 
tude and Azimuth, you may find by Prop. 26, and 
27. B. 2. the Planet's place, which will be the 
apparent one in the given Habitation. The 
1ime propoſed reckoned in the Meridian to 


which the Tables are fitted, and afterwards re- 


duced to the Meridian of the given Habitation, 
ſince it is a mean, (ſuch as it ought to be when 
Tables are uſed) tis reduced to apparent Time, 
by Prop. 17. Therefore the apparent Place of the 
Planet, at the given Time now made the appar- 
ent, is found. dre WES 
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Section VI. 
Magnitude of the Orbits of the Planets, 


ee 


Of the 


T'.N. what precedes, we have conſidered the Pla. 
nets themſclyes, as ſo many points moving in 
their Orbits; that is, we have abſtracted from 
their Magnitude. And in this caſe it is the ſame, 
as to the Phenomena, what Magnitude the Or- 
bit of any of them is ſuppoſed to be of, provided 
all the reſt have that ratio and poſition to this, as 
they have in nature. Therefore we have every 
where-ſuppoſed;the common meaſure of all the 
Orbits and their parts to be the greater Axe of 
the Orbit, that the Earth (the Habitation of the 
Spectator) deſcribes about the Sun, or half of it, 
the mean Diſtance of the Earth from the Sun, 
without being concerned about the Magnitude of 
this apparent Diſtance. But now when the Mag- 
nitude of the other Planets comes to be compared 
with the Magnitude of the Earth, the aforeſaid 
Diſtances muſt be compared with the Diameter 
of the Earth; which may be done by the help of 
the Parallax being known, as was ſhewn in Book 2. 
| tg 'the Parallax of the Planer might be 
ound by one of the methods of finding the Pa- 
rallax Nuvered in Book 2, if you could obſerve it 
as accurately as you pleaſe; yet notwichſtanding, 
becauſe there are ſeveral things that are too ob- 
vious Which are an hindrance to it, I ſhall pro- 
poſe two methods by which this obſervation, fo 
flippery as it is, may be made without any dan- 
ger of a notable error. In the firſt it ſhall be 
done by two obſervations made together in two 
Places of the Earth ;'in the ſecond, by two made 
. SS. 
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FTE : ' PROPOSITION XIII. 6 23G 
Y the Conjunition of two Planets, obſerved in two 
fnd the Parallax. of 


Let the true Places of the two Phinets obſerved 
in Corporal Conjuction (that is, where the 0 
ſeems to touch or cover the other) be Land F 
Imagine the Circle 4 B [Fig. 45. ] to be drawn 
thro” the vertices A and E ot the Places on the 
Earth. Draw the vertical Circles AEM, ALO, 
BEP, B LN. Let the Planets be obſerved from 
ene of the given Places (namely that whoſe 
vertex is 4) in O and Ad. And ſince the Places 
are given where the obſervations are made, (by 
Prop. 32. B 2.) the difference of che Meridians 
will be given; and ſo the names of the Hour: 
whereby any the ſamę inſtant of time is . 
ſed in the ſaid two Places: And therefore the 
ſame moment of Time may be pitched upon to 
make the obſeryation in the given Places. There- 
fore at the ſame inſtant that the Planets in O and 
M are obſerved from the Place whoſe vertex is 
A, let them be obſerved from the Place whoſe 
whoſe vertex is B, for inſtance, in Nand P; Draw 
the great Circles LE, O , NP. Obſerve al- 
ſo (either by a Micrometer, or what is inſtead of 
it) Threads ſtretched various ways in the Focus 
of the Teleſcope, or by the help of an Icoſcope 
throwing the Image upon a Plane, or by any o- 
ther method to be left to the induſtry of the Ar- 
tiſt) the magnitudes of the Arcs NP, 0 M 
(which in a corporal Conjunction, by reaſon of 
their ſmallneſs, will be right lines) and of the An- 
gles PN B, NPB, 40 M, and AMO, Now, 


by the Theory of theſe Planets, there is given the 


ratio of their Diſtances from the Center of the 
Earth, from whence, and their Altitudes ( 
277 1 . es i , On V N 


ved exactly enough for this purpoſe) there are alſo 
iven (by Prop. 49. B. 2.) the ratios between the 
Sines of the Arcs LN, EP, LO, E M, and con- 
ſequently ( by 2. Dat.) one being given all are 
known. From the point P let _ Arc PR be 
let fall perpendicular upon the Azimuth B N 
produced: And in rhe rightangled ſpherical 
Triangle P NR, the ſide P N and angle P NR 
being given, you may find the ſides N R, RP, 
and the angle RP N; therefore the angle R E 
is known. Suppoſe ( after the manner of Ana- 
lyſts) the Sine of the Parallax LN in the com- 
1 55 to be the Root: And by the given 
ines of the Arcs LN, NR, you may find (by 
What Prelemy delivers in Cap. 9. B. 1. of the Al- 
mageſt) the Sine of the Arc LR, their ſum. Then, 
in the ſpherical e R rightangled at 
R, by the given Sines of the ſides, LR, RP, you 
may find the Sines of the ſide L and Angle 
LPR. Therefore, y the given Sines of the angles 
Ly R, and EP R (by what is demonſtrated: by 
Prolemy in the place quoted above) you may find 
the Sine of their difference; namely of the an- 
ple LP E. From the point L let fall the Arc LT 
perpendicular to the Azimuth BP. Therefore in 
the ſpherical Triangle P LT rightangled at 7, 
by the given Sines of the fide LP and angle LPT, 
you may. find the Sines of the ſides LT, TP: 
Therefore the, Sine of the arc E Z, namely the 
difference of the Arcs EP, TP is given. And 
laſtly, in the ſpherical Triangle ETL. rightan- 
gled at 7, by the given Sines of the ſides LT, EZ, 
ou may find the Sine of the ſide r 
ame manner you may find the Sine ofthe ſide EL, 
from the Sines of the Arcs LO, EM given,expreſ- 
{ed by the before ſuppoſed Root. Therefore you 
70 878 95 uation ee the 800 1 par 
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ſecondly, the - reſolution ' whereof will give the 
value of the Root, or ſine of the Arc LN; from 
whence all the reſt that is ſought will become 
known. But if ſuch Places upon the Earth be 
choſen, as have the Planets paſting the common 
Azimuth' of the Places, and that inſtant of Time 
wherein one of them is in the ſaid common Azi- 
muth ; this conſtruction will become that parti- 
cular one in Prop. 87. Opt. Prom. of Fame: oon. 
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THE difference of two Quantities and the ratio 
"| between ihem"being given, to find the Duanti- 
ti themſelves. © ' $9694 $23 0h 
Let a quantity be taken, that is tg the known 
difference, as the the greater term of the given 
ratio, is to the difference of the terms; this quan- 
tity” will be the greater of the quantities fought : 
For in four proportional quantities, the products 
of the two former are in the ſame ratio with the 
ſimilar products of the two latter. If the greater be 
leſſen d by the given difference, what remains 
will de the lefſss. n em - 


fees -Proposrtion|XLIV. 
Y two Obſervations of the ſame Corporal Conj un- 
DD #ion of two Planets, made in the fame Place, to 
determine the Parallax of both Planets. © © 
Let the apparent motion of the two Planets 
reduced to the Ecliptic, made mutually by one 
another (or'to one another) in a- given time, 'be 
obferved near the Corporal Conjunction: And 
by the Theory of both Planets, known by the 
preceding, let their motion from one another 
mutually be determined, computed in the Eclipa 
tic, viewed from the Center of the Earth, made 
in the ſame time ; which may be done accurately 
enough, it the time be not coo great, From the 
. arcs 
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ares therefore given, namely, the true and ap- 
parent motion of the Planets from one another, 
made in the ſame time, the Parallax of both is to 
be determined. ee e Tu i 
Let HO Fig. 46.] repreſent the Horizon; 2 
the Zenith, and EC the Ecliptic: And let SF be 
the are of the Ecliptic, wherein the Planets 
(viewed from the Center of the Earth) move mu- 
tually from one another in a given time, known 
from the Theory; and AB the arc of the Eclip- 
tic, whereby they ſeem to move from one ano- 
ther in the ſame time, known by Obſervation 
therefore their differenee is given. Thro A and 
B imagine Circles of Latitude 4 D, BF drawn, 
meeting the Verticals 2 H, 4 O, drawn thro $ 
and V, in D and E; and S A is the Parallax of the 
Longitude of the nearer Planet from the more re- 
mote, or the exceſs of the greater Parallax, of 
Longitude, above the leſs in this ſituation; and 
VB the exceſs of the greater Parallax above the 
leſs in the other. The ratio of the are AS to 
the arc B Vis compounded of the ratios of 48 to 
SD, SD to VF, and VF to B; but the ratio of 
AS to SD is known, becauſe in the rectilineal 
Triangle 48 P, rightangled at A, the Triangle 
ASD is given, found by Prop. 36. B. 2; the 
tatio of SD to V is found, by Prop. 47. B. 2 
and the ratio of / F to Bis found as before, in 
the ratio of AS to S D; wherefore the ratio of 45 
to BY compounded of them is known: But the 
difference of the arcs 48 and BY is alfo known, 
namely the ſame with the given difference of 
the arcs 4B and SY; and therefore (by Lem. 
preced.) the arcs themſelves 48 and BY will be 
given. And therefore (by Dat. 2.) S D and VF 
will be given; that is, the exeeſs of the greater 
Parallax above the leſs in a given Altitude: Fot 
the Altitude HD or O F may be obſerved exact 
8 enough 
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enough for that purpoſe. And from thence the 
exceſs of the greater Horizontal Parallax above 
the leſs (by Prop. 47. and 63. B. 2.) will alſo be 

iven ; But (by Prop. 35.) the ratio between the 
Diſtinces of the given Planets from the Earth at 
the time of Obſervartionis given, — the Diſtance 
of both from the Earth is expreſſed in the parts 
of the mean Diſtance of the Earth from the Sun;) 
and therefore the ratio of the Horizontal Paral- 
laxes of the ſarne Planets is alſo given, becauſe 
(by Frop. 48. B. 2.) the reciprocal of the former: 
And therefore by Lem. preced. the Horizontal 
Parailaxes of the Planets themſelves are alſo 

enn 17 22 . ; | 
hc d from hence the Parallaxes of all the Pla- 
nets are determined. For the Paraltax of one of 
the Planets being given, the Parallax of all of 
them (by Prop. 49. B. 2.) are given; becauſe (by 
the preceding Propoſition) at a given time the ra- 
tio between their Diſtances from the center of 
the Earth is given. | 

$0 Men 2: 
 Tho' any two Planets in any Conjunction (af- 
ter the manner ſhewn in the preced. Propoſition) 
may be uſed to determine the Parallax of both, 
nay any Planet (Mars, for inftance, in his A- 
chronical fituation, and neareſt to the Earth) in 
conjunction with a Fix'd Star, whoſe Parallax is 
nothing, may ſuffice to determine its Parallax, 
(at thar time the greateſt,) one of the inferior Pla- 
nets paſſing over the diſc of the Sun, is fitreft 
for that purpoſe ; eſpecially Venus, whoſe Paral- 
lax is very ſenſible, becauſe ſhe is then nearer ; 
and the Theory, fo far as it is neceſſary for this 
purpoſe, is accurately enough known. 
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10 determine the greater Axes of tbe Orbit of the 
II Planets, Excentricities; &e. in tᷣnoum meaſutes; 
For any time (by one of the two preceding; 
or any other method ſhewn in B. 2.) find the Pa- 
rallax of any Planet, correſponding with any 
known apparent Altitude; and from thence the 
ratio of the Diſtance of the Planet from the cens 
ter ot the Earth to the Semidiameter' of the Earth 
will be given; namely the ſame (by Prop. 46, 
B. a2.) with that which is between the fine of the 
apparent Diſtance from the vertex and the ſine of 
the Parallax. But (by Prop. 35.) the ratio be- 
tween the Diſtance of the Planet from the center 
of the Earth and the Diſtance of the ſame from 
the Sun at that known time; and (by the preced. 
Prop.) for the ſame Time the ratio of the di- 
ſtance of the Planet from the Sun to the greater 
Axe of the Orbit, and its Excentricity, &. is go 
ven: And therefore, ex £quo, and by (Dat. 2.) the 
ratio of thoſe right lines to the Diameter of the 
Earth will be given, that is, all theſe Diameters 
of the Orbits will be given, expreſſed by Diame: 
ters of the Earth. And ſince, by the Scbol. of 
Prop. 17. B. 2. the Diameter of the Earth is found 
in known and familiar meaſures, the aforeſaid 
Diameters of the Orbits will be given in the ſame: 
By this means the Diſtances of the Sun and Pri- 
mary. Planets from the Sun at any time propoſed, 
expreſſed by Semidiameters of the Earth or any 
other known meaſures, become known. For 
thoſe Diſtances at that time expreſſed in the parts 
of he mean 8 of the Earth from the — 
axe known, (by Prop: g. and 35, and (by this] th 
ſaid mean Diſtance * the Earth 2 Sun is 

known in known meaſures. | 
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| SECTION VII. 

Of the Magnitude and Denſity of the Sun and 
8 Primary Planets. 


/ PROPOSITION XKLVI. 
O define the Magnitude of the Sun and Primary 
: Planets. [39%] * 
- *Tis very proper in this place, having laid down 
the Theory of the Planets, to treat alſo of their 
Magnitude and Denſity, upon which conjunctly 
the Quantity of Matter in each depends; eſpeci- 
ally ſince ſome things in their Motion and the di- 
menſion of their Orbits come to be rectified by 
this means. 2 
Let ſome one of them be 4BC,[ Fig. 47.] whoſe 
Center is P, and let O be the Eye of the Obſerver. 
Join the right line O P, along which imagine a 
plane drawn cutting the ſpherical Body of the Sun 
or Planet in its greateſt Circle BAC. From O draw 
right lines OA, O E touching it, and join che 
right line PA. The angle A 0 B is the ſame with 
the apparent Diameter of the ſaid Body at O, and 
is biſected by the right line OP. Let this be ob- 
ſerved by the methods well known to Aſtrono- 
mers, by which means, in the Triangle 4 OP, all 
the angles will be known : For (by Prop. 16. El. 3.) 
5 is a right angle, and AOP is half the ob- 
erv'd apparent Diameter; hence the ratio of the 
ſides O P and AP is known: But (by Prop. 45.) 
the ratio between the Semidiameter of the Earth, 
and OP the Diſtance of the Planet is given; there- 
fore ex quo, the ratio between the Semidiameters 
and the Earth and Planet is given; therefore the 
triplicate of this is alſo given, namely the ratio 
between the Earth and the Planet. But the 
Magnitude of the Earth is given by Schol. Prop. 
I7. B. 2; and therefore the Magnitude of the 


Planet (by 2 Dat.) is given. &. E. F. 


Li If 
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If thro' T and P the centers of the Earth and 
Planet [ Fig. 48. ] a Plane be drawn cutting them 
both, the common ſections of this plane with 
thoſe Bodies will be great Circles in them. But 
if ypu draw the Tangents T A, PD, and join TP, 
FD, AP ; theſe two laſt do almoſt coincide with 
arcs deſcribed upon the Centers T and P and at 
the diſtance TP; and conſequently they are in 
the Tame ratio with the angles TP D, PT A that 
they ſubtend, the latter whereof is the apparent 
Semidiameter of the Planet, the former its Hori- 
zontal Parallax : And therefore reciprocally the 
Diameter of the Planet is to the Diameter of 
the Earth, as the apparent Semidiameter of the 
Planet to its Horizontal Parallax. But the three 
latter terms of this Proportion are given; and 
therefore the firſt, namely the Diameter of rhe 
Planer. | 
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'F | SCHOLIUM _ 1500 
Zy the aforeſaid method, the Magnitudes of 
the Sun and all 'the Planets, excepting the Earth, 
may be accurately compar'd together. For their x 
Diameters are in a ratio compounded of the ratio 
of the Diſtances, and of the ratio of the Sines of | 
the ſemi-angles under which they appear, that | 
is, almoſt of che apparent Diameters : But the ra-] 
tio of the Diſtances found by Prop. 35. is the fame (| 
with the true by Prop. 41 ; and the ratio of the 
apparent Diameters is certain by obſervation. But 
the compariſon of the Magnitudes of thoſe Bodies 
with the Magnitude of the Earth depends upon 
the Parallax of ſome Planet. If this be not accu- 
rarely given, the ſaid compariſon can't be made 
accurately. We have already given the beſt me- 
thods of finding it in their proper places: But the 
laſt, which you have in Prop. 44. ſeems moſt fit 
for uſe, if it be applied to Venus ſeen in the diſc 
of the Sun ; which has not been yet done, nor _- 
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be done till the year 1761, (which will be the ſe⸗ 
cond time of Venus being to be ſeen by us in the 
Sun.) If in the mean while the Diameter of t 

Earth ſeen from the Sun be made a mean berwee 
theDiameters of the five others ſeen from the ſame, 
(which tis very probable: is not far from the 
truth, and beſides agrees very nearly with the 


Parallax of the Sun determined by an obſervati- 


on of Mercury ſeen in the Sun, and other obler; 
vations made other ways,) the Magnitudes d 
all the Planets and Sun will come out near enough 
to their true Magnitudes, and ſuch as are to be 
taken for the true, till ſomething more certain 
be ſettled about the Parallax of the Sun by obſer- 
vations. eg = 4 | 
PROPOSITION XLVII. Lemma. | 
T O find the ratio of the Diſtance of a given Secon- 
dary from its Primary, to the Diſt ance of the gi- 

ven Primary from the Sun. | 

Let S repreſent the Sun; [_Fig.49.] T the Earth; 
P any Planet, whoſe Satellite is 4. At T obſerys 
its greateſt Elongation from P, namely the angle 
ATP. Therefore in the Triangle PAT right- 
angled at 4, the angle 7 being given, the ratio 
of the ſide 4P to PT will be given; And by 
Prop. 35. the ratio of PT to TS is given; and 
the ratio of TS to the Diſtance of any other Pla- 
net from the Sun is alſo known ; and therefore 
the ratio between the Diſtance of the given Satel- 
lites from its Primary and the Diſtance of any 
Primary from the Sun will not be unknown. 

But if the Satellite propoſed be our Moon, the 
Problem can be ſolved no otherwiſe than by find- 
ing the Diſtance of the Sun from the Earth, (by 
one of the methods above, or fome like it) and 
the Diſtance of the Moon fromthe ſame (by the 
ſame, or ſome other already delivered or hereafter 
to be delivered in Book 4th.) 

| 112 PRo- 
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PRO POSITION XLVIII. 


Ho nd the ratio of the Quantity of Matter in the 
1 Sun to the Quantity of Matter in 2 given Primary, 
about which a Satellite revolves. 

Let $ be the Sun; [| Fig. 50.] P the Primary 
Planet given, about which its attendant A re- 
yolves; and let / be any other of the Primaries 

taken at pleaſure : Make PB equal to SY, and 
Whavioe any Body placed at B; and (by Prop. 49. 
B. 1.) the Quantity of Matter in S to the Quan- 
tity of Matter in P, will be as the accelerative gra- 
vity of the Body / towards S to the accelerative 
gravity of the Body B towards P. And the ratio of 
the accelerative gravity of the Body / towards 8 
to the accelerative gravity of the Body B towards 

P, is compounded of the ratio of the accelerative 
gravity of the Body / towards S, to the accelera- 
tive gravity of the Body A towards P, and of the 
ratio of the accelerative gravity of the Body 4 
towards P, to the accelerative gravity of the 
Body B towards the ſame P. But (by Prop. 26. 
B. I.) the accelerative gravity of the Body V to- 
wards S, is to the accelerative gravity of the 
Body A towards P in a ratio compounded of the 
ratio of the right line SV to the right line P 4, 


and of the duplicate ratio of the periodic Time 


of the Satellites A about P, to the periodic Time 
of the Primary about the Sun; and the accele- 
rative gravity of the Body 4 towards the Planet 
P is to the acceleravity gravity of the Body B to- 


wards the ſame, in the duplicate ratio of the right 


line PB (or its equal S/) to the right line P A. 
And thereforethe accelerativegravity of the Body 
V towards S is to the accelerative gravity of the 
Body B towards P ; that is (as wasſhewn above) 
the Quantity of Matter in S is tothe Quantity of 
Matter in P, in a ratio compounded of * — 
ollow- 
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following; namely, the ratio of the right line SY 
to the right line PA, the duplicate ratio of the 
periodic Time of the Satellite A about the Pla- 
net p, to the periodic Time of the Primary Va- 
bout the Sun, and the duplicate ratio of the right 
line 5 to the right line PA. But the firſt and 
laſt compounding ratio make the triplicate ratio 
of the right line 5 to P A : From whence the 
Quantity of Matter in S is to the Quantity of Mat- 
ter in P in a ratio compounded of the triplicate 
ratio of SY to PA, and the duplicate ratio of the 
periodic Time of the Satellite A about P to the 
eriodic Time of the Primary J about the Sun. 
But both the compounding ratios are given; 
namely the ratio of S / to P A, by the Lemma pre- 
miſed, and the periodic Times thentſelves by ob- 
ſervation: Therefore the ratio compounded of 
them will not be unknown; namely the ratio of 
the Quantity of Matter in theSun to the Quantity 
of Matter in the Primary P. | 4 
Hence the ratio of the Quantity of Matter in 
the three Planets that have Satellites may be found; 
viz, by finding the ratio of the Quantity of Mat- 
ter in every one of them to the Quantity of 
Matter in the Sun. 5 


SCHOLIUM. 

After the ſame manner you may find the ratio 
of the accelerative Gravity in the ſuperficies of 
the Sun to the accelerative Gravity in the ſuper- 
ficies of any Planet that has a Satellite. For 
the ratio of Grayity in the ſurface of the Sun, to 
the Gravity in /. viz. the duplicate of the ratio 
of the Diſtance SV, to the Semidiameter of the 
Sun, known from what goes before, and the ra- 
tio of Gravity in / towards the Sun to the Gra- 
vity in A towards the Planet, found as above, are 
had ; as alſo the ratio of Gravity in 4 to the 
Gravity in the ſuperficies of the Planet P, the 
E Ii 3 dupli- 
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duplicate of the known ratio that the Semidiame- 
ter of the Planet has'to the Diſtance of the Satel- 
lite from the Primary. Now it is evident, that 
the ratio compounded of theſe three known ra- 
tios, is the ſame with the ratio of Gravity in the 
ſaperficies of the Sun to the Gravity in the ſur. 
face of the Planet P. And from hence again, ex 
uo, the ratio of Gravity in the ſuperficies of one 
anet to the Gravity in the ſuperficies of the o- 
ther Planet, if both have Satellites, will be deter- 


PD ProposITLION XLIX. 
O find the ratio of the Denſity of the Sun to the 
- Denſity of any Primary Planet, about which a 
Satellite revolves. . 
Ik there be twoBodies 4 and B of the ſame mag- 
nitude, tis evident the Quantity of Matter in 4 
is to the Quantity of Matter in B as the denſity 
of A is to the denſity of B: And if they be of the 
fame denſity, the quantity of matter in 4 is to 
the quantity of matter in B, as the magnitude of 
the Body 4 to the magnitude of the Body B: 
And therefore, tho' neither the magnitudes nor 
denſities are equal, the ratio of the quantity of 
matter in 4 to the quantity of matter in B, is 
compounded of the direct ratio of the denſities 
and the direct ratio of the magnitudes of them. 
Wherefore the ratio of the denſity of the Body 4 
to the denſity of the Body B, is compounded of 
the ratio of the quantity of matter in A to the 
quantity of matter in B, and the ratio of the mag- 
nitude of the Body B to the magnitude of the 
Body 4; that is, (in the preſent caſe) the Den- 
ſity of the Sun is to the Denſity of a Planet in a 
ratio compounded of the ratio of the Quantity of 
matter in the Sun to the Quantity of matter in the 
laid Planet, and the ratio of the » 4 
2 7 * * = ance 
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Planet to the Magnitude of the Sun. But (by 
prec. Prop.) the former of the compounding ratios 
is given, if the Planet have a Satellite, and (by Prop. 
) the latter is given; therefore the ratio com- 
pounded of them is given, namely of the Denſity 
of the Sun to the Denſity of the Planet. 9 
40 COROLLARY. 5 
. From hence, ex quo, the ratio of the Denſities of 
three of the Primary Planets is had, namely Sa- 
turn, Jupiter and the Earth. The Denſities of the 
three others may be analogically derived from 
hence. No doubt the Divine Being, the Wile 
Creator of the World, has placed the Planets at 
different diſtances from the Sun, that each of 
them may enjoy a greater or leſs degree of the 
Sun's heat, according to the degree of its Denſi- 
ty: For denſer Matter requires a greater heat to 
perform its natural operations withal. But with- 
out doubt, ſome reſpect is had to the Magnitude 
of the Planet, ſince of like Bodies the leſſer, 
cæteris paribus, ate heated ſtronger and more inti- 
mately; becauſe in reſpect of their Bulk, they 
have a greater ſuperficies, and conſequently re- 


geiye more rays. — 


ProPosITION L. 


Wo correct the greater Axes of the Orbits of the 
| Planets found before. 1 — 
In Propoſition 24, the greater Axes of the Or- 
bits are taken in the ſubſeſquiplicate ratio of the 
periodic Time; that is, the Maſſes of the Pla- 
nets are abſtracted from, as ought to be done 
before they are determined, and the Planets are 
looked upon as points revolving in Ellipſes about 
the center of the Sun at reſt and placed in the 
Focus. But becauſe the actions of the Sun and 
Planet are mutual, and a Planet is made by them 
to deſcribe an Ellipſe (by Prop. 58. B 1.) whoſe 
2 IN 114 Focus 


— . lt co ot HD > > AB WS 4 — 
2 = a QI Cy n A 3 9 \ 
* 

. 


Focus is the common center of Gravity of its ſelf 
and the Sun, ſimilar to that which it would de- 
ſcribe (by Prop. 5 1. B. 1.) attracted by the ſame 
Forces, about the Sun at reſt ; and (by Prop. 54. 
B. 1.) the greater Axe of the Ellipſe that any 
Planet deſcribes about the Sun, revolving at the 
ſame time about the common center of Gravity, 
is ſhown to be to the greater Axe of the Elliple 


that the ſame Planet would deſcribe about the 


Sun at reſt in the ſame periodic Time, in the 
ſubtriplicate ratio of the ſum of the Maſſes of 
the Sun and Planet to the Maſs of the Sun; there- 
fore the greater Axe of the Orbit of each Planet 
(found by Prop. 24.) is to be increaſed in the ſaid 
ſubtriplicate ratio of the ſums of the Maſſes of the 
Sun and Planet to the Maſs of the Sun, that it 
may be correct. But (by Prop. 48.) the ratio be- 
tween the Maſſes of the Sun and Planets are gi- 
ven, and therefore the ratio is given, wherein the 
greater Axes (found by Prop. 24.) of the Orbits 
are to be increaſed, that they may be correct. 


hl, PRO OS TITION II. 
O eſtimate the Errors of the mation of the Planets 
about the Sun, ariſing from their Action upon 


one another. Ko, 


If S repreſent the Sun, [ Fig.5x.] ABCE and DL 
the Orbits of two of the Planets ; tis evident that 
while the nearer to the Sun is in A, and the more 
remote in D, (namely when the Planets are tend. 
ing towards an Heliocentric Conjunction, ) the 
nearer to the Sun will be a little accelerated, and 


the more diſtant retarded by the Attraction upon 
one another; and when they are arriyed after the 


Con junction to ſuch a ſituation as C and D is, that 
the more diſtant one is accelerated, and the near- 
er is retarded ; and that near the Heliocentric 
Conjunction the Diſtance of the more remote 
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planet from the Sun is leſſened, of the nearer is 
increaſed. And ſince the Maſſes of the Sun and 
both the Planets (by Prop. 48.) are given, and the 
mutual Diſtances from the ſuperiors are alſo given, 
and that (by the preced. Prop.) correctly; the ra- 
tio of the Attraction of each towards the Sun to 
the Attraction towards the otlier will be given, 
and conſequently the ratio of the Error ariſing 
from the mutual Attraction to the effect of that 
Force, whereby each is retained in its proper Or- 
bit about the dun. 20 | C 

But if all the Error is to be thrown upon the 
Planet that is more remote from the Sun, the Or- 
bit of the nearer remaining, this will be done al- 
moſt (by Prop. 58. B. 1.) by placing the Focus of 
the exterior Orbit in the comm̃on Center of 


Gravity of the Sun and of the interior. 


Theſe Errors are moſt ſenſible in Jupiter and 
Saturn, becauſe. of the vaſt Maſſes of thoſe Planets. 
ARA 13,550: BORO ET Ed: :* 
There are alſo ſome inequalities ariſing from 
the mutual Action of the Primary and their Sa- 
tellites: For (by Prop. 63. B. 1.) tis not the Cen- 
ter of the Primary, but the Center of Gravity 
of the Primary and the Satellites, that deſcribes 
the Elliptic Orbit about the Sun. But becauſe 
theſe things depend upon the Quantities of Mat- 
ter in theſ Secondaries, the method of determi- 
ning which properly belongs to the following 
Book, we ſhall at preſent ſay nothing of them. 


* „ ——__— — 


Skcriox VIII. 
Of the Figure of the Sun and Planets, 


ProPosITION III. | 
To determine the Figure of the Earth; that is, the 
ratio that its Axe has to the Diameter: that are 


Ae. 
— — 


perpeydicular to them. a6 a Me. E. 


In 
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In the firſt Book, at Prop. 31, we ſhewed in ge- 

neral, from the proper cauſes, that the Sun and 
Planets are of a Figure depreſſed towards the 

Poles, but elevated rowards the Circle, that lies 
exactly between the Poles, approaching that of 

an oblate Spheroid. ::Now we come to determine 

this Figure by obſervations. And firſt the Figure 

of the Earth is to be defined. 

Let the Figure APEp, | Fig. 52.] whoſe Center is 

C, repreſent the Earth; Pp its Axis, AE any Dia- 

meter of the Equator, perpendicular to the Axe. 

Let the lengths of Pendulums oſcillating in a Cy- 

elotd, in a given ſpace of time, in the Places 
AandP; and AC, PC will be reciprocally as the 

faid lengths of the Pendulums, and therefore in 

a known ratio. Let the ſame be done in any in- 
termediate Place B, whoſe Latitude (viz. the 

angle 4 C B) is known, (by Prop. 18. B. 2;) and 

AC, BC will be reciprocally as the lengths of the 
Pendulums oſcillating in an equal ſpace of Time 

in thoſe Places A and B, and therefore in a given 
% YET ont i b rt 
For imagine a Canal filled with à Fluid and 
bent from A to c, and from thence to P. From 
the reſt of the Fluid tis evident that the Fluid 
in the Leg of the Canal AC is in equilibrio with 
the Fluid in the Leg PC, the centrifugal Force 
ariſing from the motion about the Earth's Axis, 
and the greater diſtance from the Earth's Center 
raiſing and retaining the Fluid in the Leg C A, at 
2 greater height than in the Leg CP. Wherefore 
any portion of the Fluid in CA, is in equilibrio (or 
equally heavy) with the like ſimilarly poſited por- 
tion of the Fluid in the Leg C P, (which conſe- 
quently is alſo true of any homogeneous Bodies, 
tho they be not Fluid;) and the upper points 4 
and P are ſimilarly poſited in the Legs: And 
therefore homogenous Bodies placed in 4 * 
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which are as AC, PC are equiponderant towards 
the Center of the Earth. But the Gravity of 4 
Body placed in A, which is as P C, is to the Gra- 
vity of another homogeneous Body ftanding 
there, that is, as AC, as PC to AC, (namely the 
weights of hamogeneous Bodies placed near one 
another, are as the Bodies themſelves ;) and there- 
fore the Gravities of homogeneous equal Bodies - 


placed in A and P are as PC and AC; that is, 


reciprocally as the diſtances from the Center. 
Juſt after the ſame manner the Gravity of the 
Body in B may be ſhewn to be to the Gravity 
of an equal and homogeneous Body in P, as CP 
to C; for the Fluid will continue at reſt in the 
Canal BCP, as in the former 4 C P: Wherefore 
er equo, the abſolute Gravities of equal and ho- 
mogeneous Bodies placed any Where on the Sur- 
face of the Earth are reciprocally as the Diſtan- 
ges from the Center. But the accelerative Gra- 
vity of a Body is as its abſolute Gravity applied 
to its Maſs. And therefore the accelerative Gra- 
vities of Bodies placed on the Surface of the 
Earth are as the diſtances of the Places from the 
Center reciprocally. Moreover, becauſe the o- 
ſcillacion of a pendulous Body placed at 4, and 
moved in a Cycloid, is ſuppoſed (by obſervation 
to be performed in the ſame ſpace of time with 
the oſcillation of another at P; and (by Prop. 25. 
Part 2. of ' Hugenius's Horologium Oſcillatorium) the 
time of a free deſcent along a given axe of a Cy- 
cloid has a given ratio to the time of Oſcillation 
in that Cycloid; and (by Prop. 6. and 7. Part 3. of 
the {aid Book) the axis of the Cycloid,. which a 
heavy Pendulum deſcribes, has. a given ratio to 
the length of the String ſuſpending the weight ; 
and conſequently the time of a free deſcent along 
the given axis of the Cycloid, has alſo a given 
ratio to the time of a free deſgent along the 
o ET" ie © I 4 #6 length 
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length of the ſtring, namely, the ſubduplicate 
of the former: The time of a free deſcent along 
the length of a Pendulum placed at A, will be 
equal to the time of a free deſcent along the 
length of a Pendulum placed at P. But the ſpa- 
ces at A and P, run in equal times by a falling Bo- 
dy, are as the accelerative Graviges in the ſaid 
Places A and P, viz. the effects are as their cauſes; 
and the faid accelerative Gravities have already 
been ſhewn to be reciprocally as the diſtances 
{pen the Center ; and therefore the length of a 
endulum oſcillating at A, is to the length of a 
Pendulum oſcillating at P in an equal ſpace of 
time as CP to CA. And after the ſame manner 
may it be ſhewn, that the length of a Pendulum 
at B is to the length of a Pendulumat P oſcilla- 
ding in an equal ſpace of time as CP to CB: Where- 
fore, er _£quo, univerſally the lengths of Pendy- 
lums oſcillating in equal Times are reciprocally 
as the diſtances of the Places from the Center of 
the Earth. Since therefore the ratio of AC to any 
BC and the inclination of the ſaid BC to AC, 
and (among the reſt) the ratio of AC to PC, are 
found ; the nature of the Figure APEp is de- 
fined, namely, of the Section of the Earth with 
and plane of the Meridian, by whoſe rotation a- 
t the Axis Pp, the Figure of the Earth is ge- 
nerated. Q. E. F. 
If the Figure of the Earth were to be deter- 
mined after the manner above deſcribed, there 
would be no need of meaſuring the length of a 
Pendulum oſcillating at the Pole P, in a given 
ſpace of time: For by obſerving ſeveral ſuch 
lengths in different Latitudes, the length of 
Pendulum oſcillating at the Pole in the ſaid 
ſpace of time, may ſafely be concluded upon. 
Again, in ſolving this Problem, there will 
be no need of fitting a Pendulum attgr ſuch 
* 32 "Us * 3 : * * | 4 
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a manner in different places, as to make it per- 
form its oſcillations in the ſame ſpace of time: It 
will be ſufficient to carry into the other places a 
Pendulum fitted to one place, fo as that its ſeve- 
ral ſingle oſcillations may anſwer a given ſpace of 
time, and mark how much a Clock, that has the 
ſaid Pendulum for its Ballance, is ſwifter or ſlower 
during one apparent revolution of a Fix'd Star to 
the ſame place, according as the places, into 
which it is carried, are nearer the Equator or 
Pole, than that place is to which the Movement is 
adjuſted, and from that acceleration or retarda- 
tion it may be found by calculation, what length 
is neceſſary to. make the ſingle oſcillations to be 
performed in the ſame ſpace of time, as they are 
in Tr place to which the Pendulum was firſt ad- 
juſted. 
. COROL LIAEKEY 

Hence it follows, (the ſame things remaining) 
if a Circle be deſcribed upon the interval CA or CE 
[ Fig. 53. Jand the line CB drawn any how be pro- 
duced to D, that DB is as the increment of the ac- 
celerative Gravity in the receſs from the Equator 
towards either Pole, or as the increment above 
the length of the Pendulum oſcillating at the E- 
quator in the given time, agreeable to the place 
B. For it has been ſhewn above, that if AC re- 
preſent the gravity or length of a Pendulum at 
the Pole, CP will repreſent the increment of the 
gravity or length of the ſaid Pendulum oſcillating 
in an equal time at the Equator; and therefore 
(producing P to Fand G) P F will repreſent the 
increment of the gravity or of the length of the 
faid Pendulum at the Pole P. In like manner, if 
CB repreſent the gravity or length of the Pendu- 
lum at 4, AC (that is, DC) will expreſs the gravi- 
ty or length of the Pendulum at B; and conſe- 
quently DB the excels or increment of the gra- 
| Vit 
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vity or length of the Pendulum at B, above the 
gravity or length of the Pendulum oſcillating in 


the ſame time at 4. n 
IH APE p, the ſection of the Earth with the 


plane of the Meridian be an Ellipſe, the incre- 
ments of the gravity or of the length of the 
Pendulum inthe different places of the Surface of 
the Earth, above the gravities or length of the 
Pendulum at the Equator, will be very nearly in 
the duplicate ratio of the right Sines of the La- 
titudes of thoſe Places. Thro' D draw DM pa- 
rallel to the Axe Pp, meeting the Ellipſe in L, 
and the right line AE in the point 24, from whence 
let fall the perpendicular AR upon CD; take 
DH equal to PF, wherefore CH is equal to CP, 
and join LH: Becauſe APE is an Ellipſe, (by 
Prop. 31. B. 1. El. Conic.) CP d is to ML 9 as the 
, rectangle under AC and CE is to the rectangle 
under 414 and ME: And, by the fame, in the 
Circle A FE, C Fa is to MD d as the rectangle 
under AC and CE to the rectangle under 4 M and 
ME; and therefore C Fd will be to 7D as CP to 
Lad. Wherefore CF is to MD as CP to ML; and 
therefore (by Prop. 19. El. 5.) PF is to LD as CP to 
LM; that is, HD is to L D as CH to AL; and 
therefore (by Prop. 2. El. 6.) L H is parallel to CA; 
and conſequently the Triangle LDH is ſimilar to 
the Triangle MDC, and fimilarly poſited. But from 
the right angle M of the Triangle CM D the right 
line MX is drawn perpendicular to the Hypo- 
thenuſe DC, which alſo is very nearly done 
in the Triangle HL D, the particle LB of 
the curve of the Ellipſe being almoſt a right 
line and perpendicular to C D, becauſe the El- 
liple 4P Ep does not differ much from the Cir- 
cle AFEG: Wherefore CD is fimilarly divided 
in K, as HD is divided in B; that is, HD is to 
D as CD to DPR, or PF to BDasCD to DK, 
Again, 
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Again, becauſe of the rightangled Triangle C MD 
divided by the right line AK perpendicular to 
CD, (by f 8. Elem. 6.) CD, DM, DK will be 
proportional, or the ratio of CD to DK the du- 
plicate of the ratio of CD to DM; that is, of the 
ratio of C F to MD. But it has already been 
ſnewn, that P F is to BD as CD to DK; and 
therefore PF is to BD in the duplicate ratio of 
CF to MD: But CF is the whole Sine, and MD 
the right Sine of the angle 4 C B, namely of the 
Latitude of the place B; and PF, BD, are tha 
increments of the gravity or length of the Pen- 
dulum oſcillating in the given time, agreeable to 
the Places P and B, above the gravity or length 
of the Pendulum at the Equator : And therefore 
ſuppoſing AP Ep an Ellipſe, the ihcrement of the 
avicy or length of the Pendulum at the Pole, a- 
in the gravity or length of the Pendulum ar the 
Equator, is to the like incrementinany other Place. 
B of the ſurface of the Earth, very nearly in the 
duplicate ratio of the Radius to the right Sine of 
the Latitude of the ſaid place B. And the ſame 
may be ſhewn in any other place on the ſurface 
of the Earth: And therefore, ex qu, it APE p 
be an Ellipſe, the increments of the gravity or of 
the length bf the Pendulum in different places of 
the ſurface of the Earth, above the gravity or 
length of a Pendulum oſcillating the like Time at 
the Equator, in the duplicate ratio of the right 
Sines of the Latitude of thoſe places verynearly. 
SCHOLIUM. 92 
All theſe Premiſes are true, ſuppoſing the Earth 
to conſiſt of uniform and equally denſe matter. 
For we ſappoſed the Fluid, wherewith the Canals 
ACP, BCP are filled, to be uniform and homo- 
geneous. But if the matter whereof the Earth con- 
fiſts, be denſer at the Center than towards the 
ſurface, the above mentioned inctements of = 
i- 
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diſtances from the Center going from the Poles 
towards the Equator, and the proportional incre- 
ments of Gravity and of the length of the Pendu- 
lum ofcillating in the given Time going from the 
Equator towards the Poles, will be greater than 
the Calculus upon the former ſuppoſition makes 
them; and the Axis of the Earth will be leſs in 
reſpect of the Diameters perpendicular to the ſame. 
For if this matter towards the Center, by which 
the Earth is denſer there, be imagined to be re- 
moved, or rather be looked upon ſeparately, that 
the remaining matter may be every where equal- 
ty denſe ; from what precedes 'tis evident, that the 
accelerative Gravity in different places of the ſur- 
face of thisequally denfe Earth, is reciprocally pro- 
portional to the diſtance from the Center. But the 
ſaid accelerative Gravity is ſtill increaſed, by reaſon 
of that redundant matter about the Center; and 
that (as is ſhewn in Book 1.) nearly in the duplicate 
reciprocal ratio of the Diſtance from the Center; 
Since therefore in the caſe of the uniformly denſe 
Earth its ſuperficies is elevated towards the Equa- 
tor and depreſſed towards the Poles; and the 
| Gravity at the Equator leſs than at the Pole in 
| the ratio of the diſtance of the Pole from the Cen- 
| | | ter totheſemidiameter of the Equator Fand further 
3 the gravity at the Equator to the aforeſaid redun- 
dant matter about the Center ſhould be leſs than 
x at the Pole, in a duplicate ratio of the diſtance of 
| the Pole from the Center to the ſemidiameter of 
the Equator, which is leſs than the former ſimple 
ratio, ſince that ratio is a ratio of leſſer inequa- 
Jity ; and therefore from both cauſes together, 
or in the caſe of the Earth's being denſer toward 
the Center, the Gravity at the Center compoun- 
ded: of the two former, is leſs than the Gravity at 
the Pole in a ratio leſs than that is which the 
diſtance 
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diftance of the Pole from the Center has to the 
| ſemidiameter of the Equator. And therefore 
from this leſſer Gravity at the Equator in reſpec 
of that which holds at the Poles, the Earth will be = 
more elevated at the Equator, than What it N 
would be from what goes before. And the ſame +1 
holds in the length of the Pendulum oſcillating 1 
in a given ſpace of time; becauſe it is ſhewn above 

to be proportional to the accalerative Gravity. 


„ a. "af 


| PROPOSTTION III. | 
O determine the ratio that the Axis of the Sun, 
| or of 4 given Planet, has to the Diameters per- 
F pendicular to it. | 

Find by Prop. 26. B. 1. the fatio of the centri- - 
fugal Force in the Circle that is in the middle "2 
between the Poles of the Sun of of the given Pla- = 
net to the centrifugal Force in the Equator of the 1 
Earth: But the ratio between the centrifugal = 
Force in the Equator of the Earth to the Gravity on 3B 
the Surface of the Earth is given, viz. the fame 
wich the ratio found above, that the exceſs of the 
Diameter of the Earth along the Equator has to 
the Axis of the fame ; and by Schol. Prop. 48. the 
ratio of the Gravity on the furface of the Earth 
to the Gravity on the ſurface of the Sun or of 
the given Planet is given: And therefore the ra- 
tio compounded bf thefe will be given; namely 
the ratio that the centrifugal Force in the middle 
Circle, between the Poles of the Sun or of ths 
given Planet, has to the Gravity on the ſurface 
of the ſame. And this is the fame with that which 
the exceſs of the Diameter of the Equator of the 
Sun or of the given Planet above the Axe of the 
fame to the ſaid Axe, ſince (by pteced. Prop.) that 
exceſs ariſes only from that centrifugal Force, 
| and conſequently is proportional to it: There- 
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fore (by Dat. 6.) the ratio between the Axes of 
the Sun or of a given Planet and its Diameter 


perpendicular to the Axe will be given. 
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10010 SECTION IX. 
Of the Diſtances of the Fix'd Stars. 


E ProrosrTION IIV. | 
| 1 O determihe the Diſtance of a Fix d Star by Ob- 


ſervation. | 
Having determined the Diſtance and Magni- 
tude of the 'Sun and Primary. Planets, what re- 
mains is only to diſcourſe a little of the Diſtance 
of the Fix'd Staks. And tho' the Diſtance of the 


Fix 'd Stars be ſo immenſely great in compariſon 


of the Diameter of the Earth, that the latter in- 


tirely vaniſhes and becomes inſenſible; and there- 


fore all the ways laid down in this and the pre- 
ceding Book for finding the Parallax of any Phæ- 
nomenon, and conſequently the Diſtance, are 
uſeleſs in this matter: Yet the Diameter of the 
Orbit that the Earth deſcribes in the ſpace of a 
Year about the Sun, may ſeem big enough to be 
compared even with the Diſtance of the Fix'd 
Stars; and ſince we, who are carried on the Earth, 
poſſeſs ſometimes this, ſometimes. that extremity 
of the Diameter of the ſaid Or bit, there ought to 
ariſe a very ſenſible Parallax of the Fix'd Stars 
from ſo ſenſible a removal of the Obſerver. 
The Obſervarion may be made very commodi- 
gur after the following or ſome ſuch like me- 

e B 125 
Let $ [Fig. 54. ] repreſent the Sun, A M B 
the Orbis Magnus. Chuſe two Stars C and F near 
: | One 
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one another, ſituated not far from the Ecliptic. Ob- 
ſerve their Diſtance, when one, as C, is in oppoſi- 


tion to the Sun, vi. the angle FAC. Obſerve their 
Diſtance again, when C is in conjunction with tho 


Sun, namely the angle FBC. Therefore in the Tri- 


angle FAB all the angles being given, the ratio of 
the ſides is given, namely of FA the Diſtance of the 
Fix d Star from A to AB the Diameter of the Orbis 
Magnus known by Prop. 45 ; therefore A F is deter- 
mined. After the like manner the Diſtance of a Fix d 
Star may be found, if the ſecond obſervation of 
the apparent Diſtance of the Fix d Star be made, 
when C is not in conjunction with the Sun, (which 
perhaps would be difficult, by reaſon of the Sun's 
brightneſs,) but in any other known ſituation of 
the Earth, as when it is in A: For the right line 
AM, and its ratio to the known one AB, is 
known by the above cited Prop. 45. 

Having once determined the Diftance of a Fix'd 


Star, its Magnitude will be defined by the method 


laid down in Prop. 46, provided the apparent Di- 
ameter of the F d Star be ſenſible. * 
SCHOLIUM 
\ Becauſe the Obſervations deſcribed above, or 
others like them neceſſary to determine the Di- 
Nance of the Fix dStars, are ſo ſlippery and require 
ſo much nicety, that Artiſts dare not promiſe 
they ſhall obtain it by thoſe means; yet they think 
they have done ſomething very conſiderable, if 
the y. can ſhow by obſervation that there is a Pa- 
tallax of the Fix d Stars in reſpect to the Orbis 
Magnus: For by this means they could put the 
Motion of the Earth out of all doubt, which all 
acknowledge to be a matter worth their while to 
do. But this may be done pretty well by the fol- 
lowing method. 
The other things remaining, let the two Fix d 
Stars Fand C (fg. 55.) be ſuppoſed not to be near 
| K k 2 the 
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the Ecliptic. Let a Plane drawn thro them and the 
Sun cut the Orbit of the Earth in A and B, which 
Points will be given exactly enough for the pur- 
poſe, by what has been ſaid in the preced. Book. 
Let the angles CAF, CBF (or the apparent Di- 
ſtances of the Fix d Stars Fand C, ſeen from the 
Earth, when ſhe was in A and B,) be obſcrved, 
which will be remarkably enough different from 
one another, if A B be ſenſible in regard of AC, 
and the Stars Cand F very unequally diſtant from 
the Sun, which ſeems probable to hold in Stars of 
a different Magnitude. Perhaps if inftead of the 
two Stars Cand F, two, ſuch as C and D, be ob- 
ſerved, D will be ſeen from A to be on this ſide of 
C, from B on that fide, (which may happen in 
ſo great a multitude of Fix'd Stars) or it may 
be, theſe two Stars will appear to coincide at one 
time of the Year, and to be ſenſibly diſtant from 
one another at another time of the Year: In 
which caſe the Annual motion of the Earth about 
the Sun will be evident by the bare uſe of a Te- 
leſcope, without any Inſtrument neceſſary to 
take the diſtance of the Stars, 

The above mentioned method of obſerving, be- 
ſides that it is capable of receiving all the improve- 
ment, that any Inſtruments have or will receive, 
is hardly any ways chargable, ſince there needs 
only a Teleſcope with a Micrometer, there is no 
need of erecting an Obſervtaory nor of rectifyinga 
Perpendicular, all which are very uncertain, ſince 
it is not abſolutely certain that either Walls tho 
the firmeſt, or Rocks or Mountains themſelves 
always retain the ſame ſituation. To this head 
we may refer perhaps what that celebrated Aſtro- 
nomer Mr, Caſſini has diſcovered about the Fix d 
Stars; namely that the Firſt of Aries ſometimes 
appears ſplit into two equal ones, and diſtant by 
the length of the Diameter of either from one 1 — 

ther, 
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ther, which he has alſo obſerved of the prece- 
ding Head of Gemini; and ſome others, as 


ſome of the Pleiades; and the middle in Orion's 


Belt, appear to be three, nay, four ſometimes. 


PRO POSITION LV. 


O obſerve the Parallax of the Orbis Magnus, by 
'T the acceſs and receſs of a Fix d Star to or from 
the Pole of the Equator made in different Seaſons of the 
Year. [Fig. 5 5] | 

Let S repreſent the Sun; HM E the Orbit of 
the Earth, whoſe points E and H are the places 
of the Earth in the Solſtices. Further let F be a 
Fix d Star near the Pole of the World, that is, let 
AB the Axis of the Earth ATB contain with a 
a right line connecting the Earth and the Fix d 
Star an angle B HF or BE F pretty ſmall; and 
let this Star be not far from a Solſticial Colure, 
and therefore in conjunction almoſt with the Sun 
in the other Solſtice, or let the Plane E FH be 
perpendicular to H ME the plane of the Ecliptic. 

Tis evident that the angle B H F the diſtance of 
the Fix'd Star from the Pole of the World, when 
the Star is in oppoſition to the Sun, is leſs than the 
angle BEF the diſtance of the ſame from the 
Pole, when the Fix'd Star is in conjunction with 
he Sun, And converſely, if the angle B HF be 
ound leſs by obſervation than BE E, this inequa- 
lity muſt be thrown upon the Parallax of the An- 
nual Orbit. And the Diſtance of the Fix'd Star 
is gained after this manner: The difference of the 
angles BEF, BHF is equal to the angle F; and 
in the Triangle FE H the other angle FE H is 
given, namely the Latitude of the Fix'd Star at 
the Time, when the Earth is at E ; From whence 
the ratio between HE the Diameter of the Orb:s 
Magnus, and HF the Diſtance of the Fix'd Star 

will be known, | 
KK 3 SCHO- 
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SCHOLIUM, | 
This mechod of finding by Obſerva:ion the Pa- 
rallas of cheOrb;s Magnus, that moſt induſtriousOb- 
ſerver Mr. John ſteed makes uſe of, and ſo an- 
ſwers the objection of fuch, as wich Ricciilus, deny 
the motion of the Earth about the Sun, becauſe it is 
confirmed by the obſervation of a Parallax of the 
Orbis Magnus. For he tound the Diſtance of the 
Pole Star from the North Pole to be greater about 
the Summer Solſtice than about the Winter one, 
by about 40 or 45 Seconds, and that by a conti- 
nued ſeries of Obſervations for ven Years, al- 
lowing for the correction of the Infttument, and 
the change of the Star's place on the account of 
the receſſion of the Equinoctial points: as Mr. 
Flamſteed learnedly diſcourſes in a Letter to Dr. 
Wallis, dated Decemb. 20, 1698. publiſhed in 3 Vol. 
of Wallis's Mathemat. Works. But this method of 
determining the Parallax of a Fix'd Star, ſuppoſes 
the Axis of the Earth 4 B Fig. 57. ] to be exactly 
parallel to itſelf, when the Earth is in the points E 
and H of its Orbit, when the Obſervations are 
made. And tho that ſmall Nutation of the Axis 
which ariſes from the diminution of the Inclina- 
tion of the Ecliptic and Equator at the Solſtices, 
and the increaſe of it at the Equinoxes (by Corol. 20. 
Prop. 66. B. 1. of Newton's Math. Princip. Nat. Philoſ.) 
does not affect or hinder this obſervation, as Mr. 
Flamſteed obſerves in the ſaid Epiſtle ; yet another 
Nutation ariſing from another cauſe may produce 
all thisdiverſityin the diſtance of the Pole: Star from 
the Pole : Namely, if the denſity of the Southern 
Hemiſphere of the Earth be a little greater than 
that of the Northern, (either becauſe of the leſſer 
Heat there and greater Cold here, or becauſe of 
the ine qualities of the Continents of the Earth 
peed about the Poles, or ſome other cauſe un- 
nown tous, ) for then ſince in the Winter . 
0 / c e rr f, t 6 


„ an Abe. £0. tt ra 


. 
- 
5 
p 
* 
2 
* 
— 
5 


Book III. of As TRONOM NY. Joz 
the South Pole 4 is inclined toward to the Sun, 
and at the ſame time is nearer to it than the North 
Pole B, when in the time of the Summer Solſtice 
the latter is inclined towards the Sun, HA will 
be more inclined to the plane of the Ecliptic in 
the Winter time than E A in che Summer time; 
on which account B H F will be leſs than BE F, 
tho' the right lines H, EF ſhould'be parallel. 
Since therefore all that can be made out of Mr: 
Flamſteed's obſervation is, that the angle BH 
is leſs than the angle BE F; and this may ariſe 
from a double cauſe, namely from the concourſe 


of the right lines E, E F towards. F, if the Axis 


of the Earth in one obſervation be parallel to the 
ſame in the other (which is ſuppoſed to be the 
caſe by Mr. Flamſtead, and expreſſed by the Fig. 
56.) or from the concourſe of the lines right HA, 
E A towards G the quite contrary way to E, 
right lines HF, E F being ſuppoſed to be paral- 
lel, as in the Figure 57 ; from this obſervation 


the'Parallax of the Fix'd Stars is not evinced, be- 


cauſe the obſcrvation may ſtand incire though 
the right lines E E, HF remain parallel; that is, 
tho the Parallax of the Orbis Magnus be nothing. 

Nay, this obfervation does not immediately 
prove even the Annual Motion of the Earth: For 


'tho' the Earth be in the middle (revolving about 


its Axe, as in the Semi-Tychenic Syſtem, [ Fig.58.]and 
fo make the apparent Diurnal Revolution of the 
Celeſtial Bodies;) the Sun in the Southern Signs 
may then attract the Southern Hemiſphere of the 


Earth turned to it, being nearer and perhaps den- 


ſer, ſo as to make the angle RH, the diſtance of the 

Fix d Star from the Pole, leſs than BE, when the 

Sun in the Northern Signs being more diſtant, at- 

tracts the Northern Hemiſphere leſs, which alſo 

perhaps is leſs denſe. 

The ſame likewiſe way be ſaid of the different 
as 4 Diſtance 


Piſtance of a Fix d Star from the Zenith, which 
is the way Dr. Hoop formerly fought after the Pa- 
rallax of the Fix d Stars. For if the direction of 
the Axis of the Earth be changed, the dir. tion of 
any other right line in the Earth (wack poſition 
ta the Axe is given) will likewiſe be changed ; 
And the motion of the Ea ch about the Sun, cant 

e certainly concluded, from the various inclina- 
tion of 2 right line connecting the Fix d Star and 
the Earth to that right line in the Earth It were 
therefore to be wiſhed, that our exact Obſervers 
wauld for the future, manage their obſervations 
for proving the Annual Motion of the Earth after 
this manner, according to the prec. Prop. or its Scho. 
For ſo at laſt the Parallax of the Fix d Stars in re- 

ard of the Orbis Magnus will with any certainty be 
foundeif it be ſenſible; ) ſince the change of thoſe an- 
gles can t ariſe from any other cauſe, but the change 
of the Earth's place or of the ſituation of the Fix d 
Stars among themſelves; but the identity of the 
ſituation of the Fix'd Stars in regard of one ano- 
ther is taken as a principle by all ſuch as endeavor 
8 find their Parallax. In the mean while the rea- 
ons laid down in the following Propoſition in- 
cline me to believe with Copernicus, that the Dia- 
meter of the Orbis Magnus in regard of the Fix d 
Stars (even the neareſt) is inſenſſble. 5 


PRO POSITION LVI, 

IE Diſtance of the Sun from the Earth in re- 

' » ſped} of the Diſtance of a Fix d Star (even the 
neareſt) from the Eartb, uaniſlies almoſt and is inſenſible, 
Since the Sun and Fix'd Stars are the only 
great Bodies of the Univerſe that have any native 
Light, they are juſtly 'efteemed by Philoſophers 
to: be of the ſame kind, and deſigned for the 
ſame uſes; and tis the effect of a Man's temper, 
that ſets a greater value upon his ownthings on 
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he ought, that makes him judge the Sun to be the 
biggeſt of them all. Let them therefore be ſup. 
poſed equal, ſince that the one exceeds che other 
has no ground or foundation to ſtand upon. 
Let T be the Earth, [ Fig. 59.] AE B the Sun 
whoſe Center is S; CGD a Fix d Star equal to tha 
Sun, whoſe Center is K Since the angle BTS, that 
the ſemidiameter of the Sun ſeen from the Earth 
appears under, exceeds 16 Minutes, then will BS 
or C F equal to it, be almoſt the two hundredth 
part of ST; or 200 times C F will be equal to T5. 
In the Triangle FS T rightangled at 5, the Sine 
of the angle $ F is to the ſide S T as the radius 
to the ſide C Z, equal to F: From whence (by 
Prop. I I. Elem. 5.) the Sine of SFT is to ST as 
the Sine of the angle CTF to CF. And ſince, in 
theſe ſmall angles, the angles themſelves are as 
their Sines, the angle S FT will be to the angle 
CTF as the right line ST to CF; and therefore 
200 CTF is equal to SFT, or 100CTD to TS. 
But that moſt acute Obſerver Chriſtian Hugens (in 
his Syſtem of Saturn) affirms, that he, aſſiſted by 
2 Teleſcope, (by the help of which che diameter 
of an object was magnified an hundred times) could 
got obſerve any magnitude in the Diameters of the 
Fix d Stars tho the brighteſt, but that they ap- 
peared like a point ; that is, the angle DTC made 
an hundred times bigger, was ſtill inſenſible; or an 
hundred times CT (that is, S FZ) could not be 
taken notice of by Senſe. Therefore the Semidi- 
ameter of the Orbis Magnus S I ſeen from the nea- 
reſt Fix d Star (ſuch as we are to ſuppoſe the 
brighteſt to be) would appear like the ſmalleſt 
Point; that is, TS in reſpect of S For TF ya- 
niſhes and is inſenſible. | 
This ſmallneſs of the apparent Diameters of the 
Fix'd Stars is the cauſe of their Twinkling : For 
rhe ſmalleſt opake corpuſcles, which are always 
„ j | * N . moving 
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Book III. 
moving in the Atmoſphere, intirely cover any 
Fix d Star, and then immediately uncover it, that 
i, make ic Twinkle. 
: SCHOLIUM 
© Becauſe S 7 compared with S F is inſenſible, ' tis 

no matter in what point of the Orbis Magnus the 
Fix d Stars be obſeryed; for the whole Orbis Mag- 
nus is but as a point in reſpe& of the Diſtance of 
the Fix d Stars: And fince Saturn the outmoſt of the 
Planets, is not above ten times farther off from the 
Sun than the Earth, there will be immenſe Spaces 
between this outmoſt Planet and the neareſt 
Fix d Stars to the Sun, into which the very ex- 
centric Orbits of the Comets may run, ofwhich 
we have treated in Prop. 35. B. x. And tis on 
the account of this immenſe Diſtance, that the 
Fix d Stars have no ſenſible effects upon our Solar 
Syſtem, and don't diſturb the Planets contain ' d 
In it. 3-1 | 
Since therefore the Diftance of the Fix d Stars 
can't be determined by obſervations made in dif- 
ferent places of the Earth's Orbit, it remains that 
weſhow how to meaſure it by ſome Optical Me- 
thods: Two of which we ſhall propoſe, one by 
Mr. Fames Gregory publiſh'd in the year 1668, the 


other by Mr. Hugens in his Coſme-Theoria. 
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ProPosITION LVII. LEMMA. 
Ez iluminations of the ſame Sphere, in different 
1 diftonces from the lucid Body, are reciprocally 
as the Squares of the diſtances. 
Tho this Propoſition be an eaſy conſequence of 
Prop. 48. B. 1. yet I ſhall take the pains to demon- 
ſtrateit here. Let A Fig.60.]be any point of 2 lucid 
Body taken at pleaſure ; and let B C be the diame- 
ter of the Sphere that is illuminated, directly 
oppoſed to the Rays, at a ſmaller diſtance from 
the lucid Body; 8y the ſame diameter at a greater 
c diſtance : 
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diſtance; that is, let AE, a ray reaching to the 
Center E be perpendicular to BC, and At to &y: 
Join AB, AC, and being produced let them meet 
, alſo produced, in D and F. On the Center 4, 
at the diſtance AD or A F, deſcribe an arc of a 
Circle D E, which let 4%, As and Ay produced, 
meet in E, G and K; and let this Figure be ima- 
gined to revolve about the axe 4G. Tis evident 
hat all the Rays falling upon the Sphere, whoſe 
diameter is BC, upon the removal of it, will be 
ſpread upon the Sphere whoſe diameter is DF; 
And therefore the illumination of the Sphere, 
whoſe diameter is BC, is to the illumination of 
the Sphere, whoſe diameter is &y, as all the rays, 
contained within the Sector of the Sphere gene- 
rated by the rotation of 4 DG; to all the rays 
contained within the Sector of a Sphere gene- 
rated by the rotation of A HG ; that is, as the Sur- 
face of a Sphere gerierated by the rotation of the 
arc DG, to the Surface of a Sphere generated by 
the rotation of the arc G H; that is, (by Prop. 49- 
B. I, of Archimed. of tbe Spb. and Cylind.) as the Cir- 
cle whoſe radius is D G, to a Circle whoſe radius 
is HG, oras the Square of DG to the Square of HG, 
But in ſmall angles, ſuch as we ſuppoſe DAG and 
HAG to be, DG is to HG very nearly as DE to pt; 
And therefore the illumination of a Sphere, whoſe 
Center is in E, is to the illumination of the ſame 
or an equal Sphere,whoſe Center is in e, in the du- 
plicate ratio of De to 6, or De to BE, or A« to AE; 
that is, reciprocally as the Square of the diſtances. 
And ſince the fame, for the ſame reaſons, is true of 
any other point of a lucid Body, as well as of 4, 
what Was propoſed becomes evident. | 
And after the like manner, the illuminations of 
the ſame Sphere made by equal lucid Bodies at 
unequal diſtances, are reciprocally as the Squares 
of the diſtances from thoſe lucid Bodies, : 
err 916363 +4064 x6 | "TR 
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PROPOSITION LVIIL Lemma 
XII the Rays of the Sun falling upon one Planet 
are to all the Rays of the Sun falling upon another 
Planet, as the Squares of the Chords of the Horizontal 
Parallaxes of the Sun ſeen from thoſe Planets. [ Fig.61.] 
Let S repreſent any radiating point of the Sun; 
and the Spheres A B, CD, whole centers are 7 2 
P, any two Planets. Join S T, SP, let a plane 
drawn thro them cut the Spheres in the Circles 
AB, CD; and from $ draw Tangents to the ſaid 
Circles. Upon the Center 5, at any diſtance, 
draw an Arc of a Circle meeting the right lines 
SA, ST, SB, SC, SP and S D in F, E, I, I, G and 
R; join the right lines EF, G H. Let the Figure 
AFS Ex be imagined to revolve about its Axis 
ST, and CHS G about the Axis SP. All the 
Rays flowing from the point S that fall upon the 
Planet T (viz. all within the Cone ASB! will be 
to all the Rays falling upon the Planet P (namely 
all in the Cone CSD) as the Superficies of a Sphere 
deſcribed by the rotation of the arc E F, to the 
Superficies of a Sphere deſcribed by the rotation 
of the arc G H; that is, (by Prop. 49. B. 1. of 
Archimedes of the Sphear. and Cyl.) as a Circle 
deſcribed upon the radius E F to a Circle deſcri- 
bed upon the radius GH, or as the Squares of the 
right lines EF, GH: But EFandGH are Chords 
of the angles AST, CSP to the radius SE, and 
the ſaid angles are the horizontal Parallaxes of 
the Sun 5, ſeen from the Planets T and P; and 


and falling upon the Planet 7, are to all falling 
upon P, as the Square of the Chord of the Sun's 
Parallax ſeen from 7, to the Square of the Chord 
of the Sun's Parallax ſeen from P. And ſince the 
ſame is inlike manner true ofRays flowing from 
any other point of the Sun, the Propoſition is 
WWW Se 
w 1} "i In- 
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therefore all the Rays flowing from the point 8 


. 
; 


CCC © Oe, Tug en ow rm Wk 


0 | 
Book III. of ASTRONOMY. Jog 
Inſtead of the Chords the Arcs themſelves, or 
the Angles proportional to them, and ſubtended 
by them, may be taken, as in the preced. Prop. 

5 SCHOLIU M. 

After the like manner, all the rays of a lucid 
and every way radiating Sphere, are to all its 
rays that fall upon a given Sphere and illumi- 
nate it, in the duplicate ratio of the Diameter (or 
Chord of the Semicircle) to the Chord of the 
horizontal Parallax of the lucid Body, ſeen from 
the illuminated Body; or as the Square of the 
Diameter to the Square of the Chord of the ſaid 
horizontal Parallax. And 1 (by tak- 
ing the halves of the antecedents, ) the half of all 
the Rays of the lucid Sphere, of all the Rays 
flowing from a radiating Hemiſphere (ſuppoſing 
the other Hemiſphere opake) are to all its Rays 
falling upon the Sphere to be illluminated, to 
which it appears full, as the half of the Square of 
the diameter (that is, the Square inſcribed in a 
Circle) to the Square of the Chord of the Pa- 
rallax of the lucid Body, ſeen from the Sphere to 
be illuminated. 

, PRroPosITION LIX. LEMMA. 

HE ratio of the illumination of the Earth by the 
Sun to its illumination by a Planet ſhining at 
the full, is compounded of the duplicate ratio of the, 
Chords of the Parallaxes of the Sun ſeen from the Earth 
and that Planet, and the ratio of a Square inſcribed in 
a Circle. to the Square of the Chord of the horizontal. 

Parall.ix of the (ad Planet ſeen from the Earth. 
The Rays, with which the Planet illuminates the 
Earth, are ſuch as flowing originally from the Sun, 
ard reflected back again upon the Earth. We ſup- 
poſe therefore that each Planet reflects every way 
all the Rays of the Sun that fall upon it; that is 
(for greater eaſe) we ſuppoſe a Planet to emit 
Rays every way from that Hemiſphere _ 
that 
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that is turned towards the Sun, vis. ſo many 
as fall upon it from the Sun, Tis evident that the 
illumination of the Earth by the Sun is to the il. 


lumination of the ſame by a Planet ſhining in the 


full, as all the Rays of the Sun falling upon the 
Earth to all the Rays flowing from the Planet 
and falling upon it : But the ratio of the Sun's 
Rays falling upon the Earth to the Planer's Rays 
falling upon the ſame, is compounded of the ratio 
of the Sun's. Rays falling upon the Earth to the 
Sun's Rays falling upon the Planet, (that is, all 
the Rays flowing from the Planet's Hemiſphere,) 
and the ratio of all the Rays flowing from the 
- Planet's Hemiſphere to all thoſe of them that 
fall upon the Earth. And the former of theſe 
compounding ratios, or the ratio of the Sun's 
Rays falling upon the Earth to the Sun's Rays 
falling upon the Planet, is equal (by the preced, 
Prop.) to the duplicate ratio of the horizontal Pa- 
rallax of the Sun ſeen from the Earth to the ho- 
rizontal Parallax of the Sun ſeen from that Pla- 
net; but the latter, namely the ratio of all the Rays 
flowing from the Planet's Hemiſphere illuminating 
the Earth to all of them that fall upon the Earth 
and inlighten it, is equal (by the preced. Schol.) to 
the ratio that a Square inſcribed in a Circle has to 
the Square of the Chord of the horizontal Pa- 
rallax of the ſaid Planet ſeen from the Earth, 
And therefore the ratio of the illumination of the 
Earth by the Sun to the illumination of the ſame 
by a Planet ſhining in the full, is compounded of 
the duplicate ratio of the Chords of the horizon- 
tal Parallaxes of the Sun ſeen front the Earth and 
that Planet, and of the ratio of the Square in- 
{cribed in a Circle to the Square of the Chord 
of the horizontal Parallax of the ſaid Planet ſeen 
from the Earth. Q. E. D. 
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| 5 PzorosrTION * 
| No determine the Diſtance of @ Fix d Star. 


Chuſe a Fix'd Star of nearly the ſame bright- 
neſs with ſome Planet, when it is in the Full; in 
which caſe the Earth is equally illuminated by 
theſe two Stars. But the mutua Diſtances of the 
Sun, Earth, and Planet at the time of the above- 
mentioned Obſervation, and the Magnitudes of . 
theſe three Bodies (by Prop. 46.) being known, the 
horizontal Parallaxes of the Sun and Planet ſeen 
from the Earth by Prop. 48. B. 2.) become known, 
together with the angle the ſaid Planet appears 
under from the Sun, whoſe half is the horizontal 
Parallax of the Sun ſeen from that Planet. And 
conſequently (by the preced. Prop.) the ratio of 
the illumination of the Earth by the Sun to the 
illumination of the ſame by the ſaid Planet be- 
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£ comes known; that is, the ratio between the il- 
2 lumination of the Earth by the Sun and by the 
4 Fix'd Star : But (by Prop. 57.) the illumination of 
8 the Earth by the Sun is to the illumination of the 
h ſame by a Fix'd Star (equal to the Sun and equal- 
0 ly lucid) in the duplicate ratio of the Diſtance of 
5 the Fix d Star from the Earth to the Diſtance of 
» the Sun from the ſame ; therefore the ratio be- 
" eween the Diſtances of the Fix d Star and the Sun 
* from the Earth is known; and conſequently the 
* Diſtance it ſelf of a Fix d Star from the Earth is 
of known. d 3g l 
ay  SCHOLIUM. 
14 For the ſame purpoſe you may commodiouſſy 
n- take Jupicer in its Achronical ſituation, and Sirius, 
-d which (if any other) may be looked upon as equal 
n ro the Sun. But ſince Jupiter in the ſaid ſituation 
exceeds Sirius in brightneſs, and beſides the Rays 
; of the Sun falling upon Jupiter are not reflected | 
fy towards | 
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towards the Earth without being weakened, but 
are moſt of them ſtifled near the. ſurface of 


Jupiter, the Diſtance of Sirius determined after 
this manner will be leſs than the ttue Diſtance. 
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PROPOSTITION LXI. 

Ho meaſure the Diſtance of a Fix d Star another 

way. 1 |, $564 3% a W 
| Tho' the diameter of the btighteſt Fix d Star 
| 3 can't by any Optical Inſtruwent yet invented, be 
| made fo big as to become ſenſible; and ſuch as 
may be compared with the Sun's Diameter ; 
however, the Sun's Diameter may be leſſen'd fo 
much, as that its Light thus leſſen'd may (in ap- 
pearance) be no greater than the light of Sirius 
twinkling in the Night; which will be done if its 
Rays be let into a Tube thro' a hole ſmall e- 
nough; or if its image be leſſened as much by 
means of a Lens, or partly by one partly by the 
{ other method : For the diameter of the image of 
| the Sun, tho inſenſible (if looked for inconſi- 
i derately) becomes known by calculation founded 
upon Optics and Dioptrics, having the Diameter of 
the hole, the Lens and ſituation of the Eye given; 
1 But the Diameter of an image of the Sun, as bright 
g as Sirius to an Eye given by poſition, is equal to 
the Diameter of Sirius z therefore the apparent 
Diameter of Sirius, before inſenſible, becomes 
known by calculation: But the Sun and Sirius are 
ſuppoſed equal; therefore their Diameters arg e- 
qual: And therefore the Diſtanee of Sirius will be 
to the Diſtance of the Sun, as the Sine of the ap- 
parent Diameter of the Sun to the Sine of the ap- 
| arent Diameter of Sirius, or (by reaſon of the 
[| mallneſs of theſe angles) as the apparent Diame- 
ter of the Sun to the apparent Diameter of Sirius; 
therefore the Diſtance of Sirius will be known. 


2. E. I. oy ; 
' The End of the Fit Volumes 


